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War  Dbpartmbnt, 
Office  of  thb  Chief  of  Staff, 

Wctshington,  Novemher  19,  1909, 

The  Engineer  Field  Manual,  United  .States  Army,  prepared  under 
the  direction  of  the  Chief  of  Engineers,  United  States  Army,  is 
published  for  the  information  and  guidance  of  all  concerned ;  it  will 
not  be  modified  except  by  specific  authority  given  in  each  case. 

Any  changes  or  suggestions  that  may  occur  to  officers  or  others 
using  the  manual  will  be  submitted  to  the  Chief  of  Engineers  for 
consideration  in  connection  with  the  publication  of  future  editions. 

By  order  of  the  Secretary  of  War : 

J.  Franklin  Bell, 
Major  Qeneral,  Chief  of  Staff. 
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War  Department, 
Office  of  thb  Chief  of  Engineers, 

Washington,  Maroh  12,  1907, 
The  Adjutant  General. 

Sir  :  1.  By  authority  of  the  Secretary  of  War,  six  parts  of  the 
Bneineer  Field  Manual,  compiled  under  the  direction  of  this  office 
by  Lieut.  Col.  Smith  S.  Leach,  Corps  of  Engineers  and  General  Staff, 
have  been  published  In  five  separate  volumes.  These  parts  are : 
Part  I,  Reconnaissance;  Part  II,  Bridges;  Part  III,  Roads;  Part  IV, 
Railroads,  and  Part  V,  Field  Fortification  (in  one  volume)  ;  and 
Part  VI,  Animal  Transportation.  Each  of  these  six  parts  received 
the  approval  of  the  Chief  of  Staff  before  its  publication. 

2.  It  is  now  desired  to  publish  under  a  single  cover  these  six 
parts,  revised  and  corrected,  for  issue  to  the  service  when  ready  for 
distribution. 

3.  In  addition  to  the  correction  of  such  Qprors  as  have  been  dis- 
covered in  the  original  editions  it  Is  proposed  to  add  some  new  matter 
to  bring  the  work  up  to  date.  The  most  important  addition  is  a 
description  of  the  new  types  of  instruments  adopted  in  1906.  It  is 
also  desired  to  add,  In  Part  I,  a  brief  description  of  the  new  military 
survev  of  Cuba ;  some  additional  topographical  signs  and  symbols 
recently  prescribed  by  the  General  Staff,  and  a  brief  account  of  the 
new  system  of  angular  measurement  In  mila  adopted  for  position 
finding  by  the  Field  Artillery ;  to  Incorporate,  in  Part  II,  a  very 
useful  table  of  dimensions  of  floor  systems  for  stated  loads  and 
spans,  and  to  incorporate,  in  Part  V,  a  plate  and  description  of  the 
Fort  Riley  redoubt,  which  presents  several  excellent  features  of 
design.  It  Is  proposed  to  add  the  new  matter  at  convenient  places 
as  nearly  .  in  its  topical  relation  as  possible,  but  under  a  caption 
"Addenda,   1907." 

4.  The  mechanical  work  involved  in  the  preparation  and  publica- 
tion of  this  revised  edition  would  be,  roughly,  as  follows :  Drawing 
and  engraving  of  four  or  five  plates ;  making  of  a  consolidated  index ; 
composition  of  the  equivalent  of  about  three  or  four  pages  of  text ; 
composition  of  consolidated  index  (about  48  pages)  ;  electrotyping 
of  new  plates,  new  pages  of  text,  and  new  index ;  repaging  of  Parts 
II  to  VI,  both  inclusive,  and  printing  and  binding  of  1,000  copies 
of  the  complete  work,  the  cover  to  have  a  pocket,  a  pencil  tube,  and 
a  broad  flap  folding  over  the  back.  The  manuscript  of  a  proposed 
introduction  and  list  of  authorities  is  inclosed. 

5.  The  matter  in  the  six  parts  as  now  published  is  electrotyped ; 
the  electrotype  plates  are  at  the  Government  Printing  Office.  The 
expense  of  drawing  and  engraving  the  new  plates,  of  preparing  the 
new  matter,  and  of  making  the  consolidated  index  would  be  charge- 
able to  the  appropriation  carried  by  the  Army  appropriation  act 
approved  June  12,  1906,  "  For  pontoon  material,  tools,  instruments, 
and  supplies  required  for  use  in  the  engineer  equipment  of  troops, 
including  the  purchase  and  preparation  of  engineer  manuals,"  or 
which  there  is  an  available  balance  sufficient  for  the  purpose ;  the 
expense  of  composition,  electrotyping,  repaging  existing  electrotype 
plates,  and  of  printing  and  binding  to  be  borne  by  the  appropriation 
lor  public  printing  and  binding.  The  paper  for  the  work  is  on  hand 
in  this  office. 

6.  I  have  the  honor  to  recommend  that  1,000  copies  of  the  revised 
edition  of  the  six  parts  of  the  Engineer  Field  Manual,  as  hereinbefore 
described,  and  their  accompanying  plates  be  printed  at  the  Govern- 
ment Printing  Office  and  furnished  f©r  ike  use  of  this  office  on  the 
usual  requisition,  the  cost  to  be  paid  as  stated  in  the  preceding 
paragraph. 

7.  A  copy  of  each  of  the  parts  as  published  Is  submitted  herewith. 

Very  respectfully, 

A.  Mackenzie, 
Brig,  Gen.,  Chief  of  Engineers,  U,  8,  Army. 
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ENGINEER  FIELD  MANUAL. 


INTRODUCTION. 

In  April,  1899,  the  Chief  of  Engineers  directed  the  commandant  of 
the  Engineer  School  to  enter  upon  the  preparation  of  an  Engineer 
Field  Manual.  At  the  same  time  all  officers  of  the  Engineer  Corps 
who  bad  been  in  the  field  during  the  Spanish  War  were  invited  to 
contribute  data  and  suggestions,  and  many  of  them  did  so.  At  the 
Engineer  School  the  worJ^  of  compilation  was  committed  to  the 
Instructor  in  civil  engineering,  then  Capt.  Henry  Jervey»  and  under 
his  control,  and  mostly  by  his  own  hand,  a  general  plan  of  a  manual 
was  worked  out,  manuscript  and  plates  prepared  on  the  subjects  of 
reconnaissance  and  bridges,  and  more  or  less  complete  notes  on  roads 
and  railroads. 

The  Instructions  of  the  Chief  of  Engineers  required  a  topical 
division  and  publication  by  parts,  as  completed.  The  part  on  recon- 
naissance was  published  In  tentative  form  and  distributed  to  officers 
of  Engineers  and  other  arms  and  to  a  few  civil  engineers,  for  com- 
ment and  criticism.  The  parts  on  bridges  and  roads  were  sent  in 
manuscript  to  certain  Engineer  officers  for  like  criticism.  As  a 
result,  the  method  of  treatment  of  subject-matter  and  the  mechanical 
features  of  the  book  were  definitely  determined  and  it  was  decided 
to  revise  the  work  already  done  to  conform  it  to  the  modified  plan 
and  to  republish  Part  I. 

At  this  stage,  1903,  the  pressure  of  work  at  the  Engineer  School 
made  it  necessary  to  place  this  duty  in  other  bands  and  it  was  de- 
volved upon  the  commanding  officer  of  the  First  Battalion  of  Engi- 
neers, and  shortly  thereafter  the  relation  of  that  officer  to  the 
preparation  of  the  manual  was  made  personal,  instead  of  ex  officio, 
and  ail  subsequent  work  has  been  by  the  same  hand. 

By  July  1,  1906,  six  parts  had  been  published — reconnaissance, 
bridges,  roads,  railroads,  field  fortification,  and  animal  transporta- 
tion. These  parts  are  now  collected  in  a  sii^e  cover,  with  correc- 
tions of  errors  which  crept  into  the  first  edition  and  some  additions 
of  new  matter  which  baa  become  available  since  the  flrat  publication. 
The  most  important  of  these  additions,  made  by  direction,  of  the 
Chief  of  Stall,  is  the  incorporation  of  the  signs,  etc.,  lor  finished 
maps,  published  by  authority  of  the  Secretary  of  War  in  1904.  A 
few  minor  changes  which  have  been  approved  will  be  noted. 

The  opportunity  now  first  offers  to  make  acknowledgement  of 
sources  from  which  mj^t^riaX  has  been  drawn  and  of  assistance 
rendered  by  persons  in  the  preparation  and  publicatJU>n  of  the 
manual. 

As  to  authorities,  a  list  is  appended  of  works  wbicli  have  been 
consulted  and  from  which  facts  or  suggestions  have  been  derived. 
Other  works  have  been  consulted,  but  nothing  having  been  taken 
from  or  suggested  by  them,  they  are  not  mentioned.  Th^  titles  In 
the  list  which  appear  in  full-face  type  have  been  relied  upon,  more 
or  less,  as  standard  and  as  guides  to  topics  and  arrangement.  But 
a  single  work  seems  to  deserve  further  mention,   and   that  is   tb'^ 
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^  SHeraXSR  FI£IJ>  KANTTAL. 

tnoomi>*wiW«  Trantwlne,  the  indebtedness  to  which  Is  too   obvious 

^o   r««uire  mention,  but  too  important  to  permit  it  to  be  dispensed 

Il|*»r^    Sub$t«ntiAlly   no   matter   from   any    source   is   quoted.      The 

J.j^nor  of  space  required  everything  used  to  be  rewritten  with  a 

x-i^K-   t^  condensation.     In  addition  to  the  works  cited,  much  valu- 

Zui^   infoTVOition^  e«&pecially  as  to  railroads  and  field  fortifications, 

i*^  obtained  ftv^m  tne  reports  of  military  observers  with  the  Japa- 

jrn^  Mild  Russian  Armies  and  from  fugitive  publications  as  to  the 

«'^r    In   Manchuria.     Of  the  latter,  the  Journal  of  the  Eoyal  Engi- 

»^V«  <*^  Great  Britain  deserves  special  mention. 

■^  j<*^^.^\nsil  assistance  in  the  preparation  of  text  has  come  exclusively 
#v«^t%%  brt>ther  oKttcers  of  the  Corps  of  ESnglneers,  with  the  single  ex- 
lIv^*Vt*^ii  <^t  "  Landscape  sketching,"  paragraph  85,  and  plates  39  and 
S^  *»  Reconnaissance.**  which  was  abstracted  from  material  fur- 
«  -t%<Hl  ^>f  Prof.  C.  W.  Lamed  of  the  Military  Academy.  In  verifying, 
**'^^^^t^,tn]p:,  and  correcting  the  work  of  the  compiler,  many  omcers 
J^**'*^^  r^^ndered  assistance  in  greater  or  less  degree,  and  none  who 
J^*^X^  li«%d  opiwrtunity  to  assist  have  refused.  But  a  few  have  given 
•***^ZL^|<»||  of  time  ana  lalwr  as  to  make  mention  by  name  an  act  of 
<^*  .  L^l^  justice.  Lieut.  Col.  Abbot,  who  has  handled  the  manual  in 
«*  *J**  o(n<^^  *>'  *^^  Chief  of  Engineers  during  the  entire  period  of 
t»j2^^,^-^r«tUm  and  publication,  has  contributed  never-failing  enthusl- 
P*^J  «s|icouragiMuent,  and  counsel,  which  have  been  of  the  greatest 
t^'***^'^!^!^  assistance.  Maj.  Rees  read  critically  the  parts  on  recon- 
^*^^i'^.^rtm*t».  brldcea.  and  roads.  Maj.  Sibert  and  Lieuts.  Johnston  and 
^*«*j^|.|mtf  did  the  same  for  railroads.  Capt,  Connor  read  the  same 
S|**J*  ^xi<i  forwarded  a  paper  of  his  own  on  the  subject,  from  which 
|*«*Y^»   «iWtfK<^»<tlons  were  taken.     Maj.  Gaillard  read  the  parts  on  field 


^k^'^^^^litoatl^^u  and   animal   transportation  and   made  valuable  sugges- 


<»^^^V||%oatl^»u  and  anl 
C^'^^'rL     frt>m    personal 


t'**'*'"  i    men  of  the  Second  Battalion  of  Engineers,  under  the  super- 

^^'^  t  »n    <*'   ^"J*   Jw^^on,   instructor   of  military   engineering   at   the 

v*'***lu»*er  School.     The  names  of  these  men  unfortunately  have  not 

K***v    nu^dP  ot  record.     These  drawings  were  revised  and  those  for 

^**^'^  Jrt   111  and  VI  made  by  Sergt.  Pihlgrem,  of  the  First  Battalion  of 

r»*  * ,1  ,n»crfl,  aBHlstod  for  a  short  time  by  Corp.  Plugel  of  the  same  or- 

Vi»*>Y^rttlon,     The  drawings  for   Parts  IV  and  V  and   the   Addenda 

li***i*%    made  by  Mr.  S.  P.  HoUlngsworth,  of  Washington,  D.  C.     The 

>v«V^^lug,  partial  and  consolidated,  was  done  by  Mr.  G.  T.  Ritchie  of 

Uu**'-,  jiirary  of  Congress.     Mr.  Pickering  Dodge,  chief  clerk.  United 

^^'^♦A*    Knglneer    Office.    Washington,    D.    C,    contributed    valuable 

Ht«*.Vj|nnce  in  final  proof  reading. 

LIST  OF  BOOKS  CONSULTED. 


w  ^rr  and  Practice  of  Surveying.    Johnson. 
T^^?l^Ty  Toposraphy  and  Sketeblngr- 
^^«  «A«  and  Formnlne.     Lee. 
Tf  J»' r  Surveying.     Gillespie, 
mgfter  Railroads.     Gillespie. 

Rt^f-jjer^n  Poclcetboolc.     Trautwlne. 
K^f  Bridffe  ESaulpagre  and  Pontom  DrI 
W'lHfary  Bridges.     Haupt 
W*"^l  and  Pavement*.     Baker. 
'^^   «rtry  Con»trnotion.     Baker. 
Hf ?.^av  Construction.     Byrne. 
ffii^Imle  Railroad  Location.     Wellington. 
^""^     >«d  Con«trnctlon*     Webb. 


Root. 


.n  Track*    Camp. 
Curves.    Allen. 
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The  Railroad  Spiral.     Searles. 

The  Roadmaater'a  Aaalatant.     Railroad  Gasette. 

liocomotlve   Brealcdo^vna.      Enterffenclea,  and   their  Rem- 

ediea.     Fowler. 
Text-book  on  Locomotives.     International  Correspondence  Schools. 
Train  Rnlea  and  Train  Dlapatchlns.     Dalby. 
Block  Signal  Operation.     Derr. 
Letters  of  an  Old  Railway  Of&cial.     Hine. 
Manaal  of  Field  Kngrineeringr*     Beach. 
Pleld  Fortification.     Fiebeger. 
Manaal  of  Military  Bnfflneerlnff.     Ernst. 
Attack  of  Fortified  Places.     Mercur. 
Royal  Engineers  Aide  Memoire. 
Handbook  of  Modern  Explosives.     Eissler. 
Woolwich  Text-book,  Parts  I  and  II. 
Chatham  Text-book,  Parts  II  and  III. 
Text-book  of  Field  ESnslneerlnff.     Phillips. 
Field  Fortilication.     Hutchinson. 
British  Manual  of  Field  Engineering.     1903. 
Destruction  of  Obstacles  in  Campaign.     Bornecque,  Tr.     Burr. 
U.  S.  Field  Service  Reffnlationa. 
Manual  of  the  Quartermaster's  Department,  U.  S.  Army. 
Horses,  Saddles,  and  Bridles.     Carter. 
Packer'a  Manual.     Daly. 

Treatise  on  Feeding  and  Training  of  Mules.    Riley. 
Military  Transport.    Furse. 
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RECONNAISSANCE. 


PART  I— RECONNAISSANCE. 


1.  TopoflTvaplilcal  reeonitalssancey  as  here  treated,  covers  the 
instruments  and  methods  necessary  for  the  production  of  maps  of 
SMALLi  ARKAS  and  routes  of  travel  of  sufficient  accuracy  for  tem- 
porary military  needs. 

No  reconnaissance  sketch  or  combination  of  sketches  can  be  expected 
to  cover  with  sufficient  accuracy  an  area  of  more  than  about  2  miles 
on  a  side.  Areas  up  to  10  miles  on  a  side  can  be  satisfactorily 
mapped  for  military  purposes  by  running  transit  or  plane  table  con- 
trol traverse  lines  which  will  locate  some  landmark  in  each  square 
mile,  adjusting  the  traverses,  plotting  the  adjusted  traverses,  and 
then  filling  in  the  control  skeleton  thus  obtained  by  sketching. 

For  larger  areas  triangulation  or  traverse  control  of  greater  ac- 
curacy is  necessary  and  the  curvature  of  the  earth  soon  becomes  a 
factor.  No  map  of  an  area  over  10  miles  on  a  side  should  be  under- 
taken without  a  thorough  knowledge  of  the  best  modern  practice  in 
topographic  mapping  such  as  that  followed  by  the  United  States 
Geological  Survey. 

2.  The  information  to  be  obtained  In  a  topographical  reconnaissance 
may  be  grouped  under  the  headings  of  time,  cover,  resources,  and 
nomenclature.  The  map  should  permit  a  determination  of  the 
time  which  a  column  will  require  to  pass  between  any  two  given 
points  by  ishowing  the  distance  between  them  and  the  condition  of 
the  road  or  country  which  must  be  traversed,  as  regards  its  effect  on 
the  rate  of  march ;  the  accidents  of  ground  which  will  afford  cover 
to  the  army  or  to  the  enemy;  the  location,  quantity,  and  quality  of 
water,  fuel,  grass,  etc.,  and  should  give  to  each  feature  its  local  name. 
The  last  requirement  is  of  great  importance  and  is  the  one  most  often 
neelected. 

S.  Tlte  fundamental  topoirraphical  operation  is  the  deter- 
mination of  the  direction  and  distance  of  one  point  from  another 
point. 

The  direction  of  one  point  from  another  is  composed  of  two  ele- 
ments :  First,  the  angle  made  by  the  line  joining  the  two  points,  with 
a  vertical  plane  passing  through  one  of  them.  This  angle  is  measured 
in  a  horizontal  plane  and  is  called  the  astmnthj  second,  the  angle 
made  by  the  line  joining  the  two  points,  with  a  horizontal  plane  pass- 
ing through  one  of  them.  This  angle  is  measured  in  a  vertical  plane 
passing  tfirou^  both  points,  and  for  convenience  will  be  called  the 


4.  Asimntlia^-^As  an  infinite  number  of  vertical  planes  may  pass 
throngb  a  given  point,  it  is  necessary  to  select  one  as  the  origin  of 
azimuths.  In  topographical  reconnaissance  the  plane  selected  is  that 
of  tlie  magnetic  meridian  at  the  point.  Its  direction  in  a  horizontal 
plane  Is  the  line  of  rest  of  a  freely  suspended  and  balanced  magnetic 
needle,  and  this  line  is  the  origin  of  asimuths. 

From  this  origin  azimuths  are  measured  in  degrees  of  arc  from  O 
to  300,  passing  from  the  north  point  through  the  east,  south,  and 
west  to  north  again.    Azimuths,  of  0*  to  90*^  are  ia  the  northeast  or 

11 
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flviit  quaUr«nt  (f\£,  1)  :  thoae  of  90^  to  180*"  are  in  the  southeast  or 
Mv  v-ioia  QUttilrant ;  those  from  180**  to  270"  in  the  southwest  or 
tbuU  ^uaUruut.  and  those  from  270**  to  360**  in  the  northwest  or 
^vuiih  ^uailraut. 

A^Uuuths  are  bearings  between  stations  taken  in  the  direction  of 
uv<vgioH!i  of  the  reconnaissance.  Bearings  taken  in  the  other  direc- 
lluu  ur«>  called  back  aalmiatlis.  If  the  stations  are  numbered  in 
tUi'k  oixU'r  they  are  occupied*  a  bearing  from  a  lower  to  a  higher 
uuutben'd  Ktatlon  Is  an  azimuth,  and  a  bearing  from  a  higher  to  a 
Wwt'r  uumbei'^d  station  it  a  back  azimuth. 

TUo  method  of  stating  aKlmnths  described  above  is  that  commonly 
U«^l  U\  Hurveylng  when  direction  is  maintained  by  carrylnar  an 
ii«lmutli«  It  la  the  simplest  to  understand  and  use,  and  permits  the 
auglu  between  any  two  lines  to  be  read  at  a  glance. 

Thi^re  are  other  ways  of  axpr«8sing  aKimuths,  adapted  to  special 
iHkuUUUak4  or  cli'vumstances.  In  astronomical  work  and  tables  the 
aviuuuh  It)  reckoned  from  the  flootliy  through  W.,  N.,  and  £.,  360**  to 
Kouth  ugaiu.  Any  astronomical  azimuth  differs  from  the  corre- 
»l>ou^lng  aurvey  azimuth  by  180**. 

iu  uavi)£atlou  azimuths  are  reckoned  from  the  mariner'a  com- 
|iH«ii«  Aud  are  called  bearinss.  The  dial  is  divided  into  32 
l^uliitH  ftnd  each  point  into  anarter  points.  The  names  of  the 
LuUuU  and  their  relation  to  survey  azimuths  are  shown  In  figure  1. 

taud  Hurveyors  reckon  bearings  in  both  directions  from  N.  and  S. 
Their  coiupaHses  are  graduated  90°  in  each  direction  from  the  N. 
auil  S.  points  and  a  bearing  is  stated  by  giving  the  angle  and 
diiHH'tlou  from  N.  or  S.,  whichever  may  be  nearest,  as  N.  46"*  W.,   S. 

formerly  such  bearings  were  reckoned  from  the  nearest  cardinal 
Mulut,  N.,  S.,  10.,  or  W.,  as  W.  40**  N..  which  corresponds  to  N.  46** 
W.  This  method  Is  very  convenient  for  giving  directions  in  orders 
and  reports.    It  is  shown  in  the  middle  circle  of  figure  1. 

5.  A  wpeclal  method  of  azimuth  measurement  has  been  adopted  for 
uae  lu  the  fire  control  of  field  artillery.  The  unit,  called  a  mil.  Is  the 
arc  whose  length  is  one  one-thousandth  of  the  radius.  By  computa- 
tion this  arc  is  3'. 437  + .  This  length  is  not  commensurate  with  the 
length  of  the  circle  being  Contained  In  it  6,283.24  times.  For  con> 
vt^nlence  of  graduation,  the  circle  is  divided  into  6,400  equal  parts, 
ausumed  to  be  mils,  the  angular  value  of  each  of  which  is  3'. .^75, 
differing  from  the  computed  value  by  nearly  2  per  cent,  which  error 
enters  into  all  determinations  and  Is  neglected. 

Kach  change  of  1  mil  in  azimuth  corresponds  to  a  change  in  posi- 
tion In  a  direction  perpendicular  to  the  line  of  sight  of  one  one- 
thousandth  of  the  range.  This  method  reduces  all  elements  of  fire 
control  to  functions  of  the  range. 

6.  The  compasa  is  the  standard  instrument  for  the  determination 
of  azimuths  in  topographical  reconnaissance.  It  consists  of  caae, 
needle,  oofd,  pivot,  and  atop,  figures  2  and  3. 

The  card  may  be  llaLcd  to  the  case  or  moT-able,  attached  to  the 
needle  and  revolving  with  it.     The  stop  raises  the  needle  from   the 

givot  and  clamps  it  against  the  glass  cover.  A  good  compass  must 
ave  a  needle  sufiiciently  magnetized  to  settle  accurately  attd  a  pivot 
free  from  rust  and  roughness.  If  the  needle  becomes  too  weak^  it  may 
be  reraagnetized  by  rubbing  gently  from  pivot  to  point  on  a  perma- 
nent or  electro  magnet,  each  end  of  the  needle  to  be  rubbed  on  the 
pole  which  attracts  it.  In  returning  the  needle  for  another  stroke 
carry  it  a  foot  or  more  from  the  magnet.  The  pivot  may  be  polished 
with  Putz  pomade  or  similar  Bubstances  on  a  soft  stick. 

If  possible,  however,  tusn  in  the  defective  cempafls  and  get  a  good 
— ~-  \jx  place  of  it. 

needle  loses  part  of  its  magnetism  if  kept  for  a  long  tipe  oat  of 
ane   of  the   magnetic   meridian.     In   atorhig   a   coaipasB    eare 
be  taken  to  place  it  in  the  case  or  on  the  shelf  with  the  N. 
its  needle  pointing  nbrth. 
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Abnormal  deflections  of  the  needle,  due  to  local  disturbances, 
are  sudden  and  erratic  and  should  not  be  distributed  among  all  the 
courses,  but  only  among  those  in  which  there  is  reason  to  beiiere  the 
disturbance  occurs. 

A  simple  way  to  detect — not  measure — such  disturbances  is  to  take 
frequent  back  azimuths.  If  the  position  of  the  needle  is  normal  at 
both  stations,  the  azimuths  and  back  azimuth  will  differ  by  180**.  If 
there  is  local  attraction  on  the  course,  it  will  usually  be  stronger  or 
cause  a  greater  deflection  at  one  station  than  at  the  other,  and  the 
azimuth  and  back  azimuth  will  not  differ  by  180°. 

Another  way  is,  when  taking  the  bearing  to  a  station,  to  select  a 
well-defined  point  beyond  and  on  the  same  course.  On  arriving  at  the 
new  station,  take  a  bearing  from  there  to  the  selected  point  ahead. 
If  it  is-  the  same  as  the  first  bearing  to  that  point,  there  probably  is 
no  local  disturbance.  If  the  two  bearings  to  the  same  point  differ, 
there  probably  is  local  disturbance. 

A  course  in  which  local  attraction  is  detected  or  suspected  should 
be  noted,  and  if,  on  closing,  an  azimuth  correction  is  necessary,  it 
should  be  applied  to  the  suspected  courses. 

10.  Gradients. — ^There  can  be  but  one  horizontal  plane  through  a 
given  point,  and  it  may  be  determined  by  the  spirit  level  or  plumb  line 
without  serious  error.  Gradients  are  measured  by  taking  the  angle  of 
the  line  of  direction  with  a  horizontal  line  through  the  point. 

11.  Gradients  are  commonly  called  grades  or  slopes  and  are  ex- 
pressed in  degrees,  as  1°,  2",  31°,  6V  slope,  etc. 

Each  angle  corresponds  to  two  slopes,  one  up  and  one  down  from 
the  initial  point.  Rising  grades  may  be  recorded  with  a  +  before,  or 
an  B  after  the  number  of  degrees ;  falling  grades  with  —  before,  or  F 
after.  On  a  map,  general  slopes  are  indicated  by  an  arrow  pointing  in 
the  direction  of  the  drainage,   with  the  gradient  written  beside  it, 

thus >.     Road  grades  are  indicated  by  an  arrowhead  at 

top  and  bottom  of  the  grade,  the  one  at  top  pointing  toward  the  road 

and  the  one  at  bottom  away  from  it,  thus  i . • 

Gradients  are  also  expressed  by  the  relation  between  the  change  of 
elevation-^rise  or  fall — ^and  the  corresponding  horizontal  distance. 
This  relation  is  stated  in  various  ways. 

By  the  rise  in  feet  per  100  feet  horizon  or  the  foot  rise  as  a  per- 
centage, as  "  the  slope  is  4  in  100,  or  4  per  cent." 

By  the  foot  rise  for  1  mile  of  horizontal  distance;  as  "the  grade 
is  50  feet,"  or  "a  50-foot  grade."  This  method  and  the  preceding 
are  commonly  used  for  railroad  track  grades. 

By  the  number  of  feet  horizontal  corresponding  to  1  foot  rise;  as 
8  to  1,  10  to  1.  This  method  is  commonly  us^  for  slopes  of  em- 
bankments and  excavations  when  less  than  45**. 

By  the  foot  rise  corresponding  to  1  foot  horizontal;  as,  1  on  1. 
6  on  1.  This  method  is  commonly  used  for  slopes  of  embankments 
and  excavations,  etc.,  from  45**  to  75*. 

By  the  number  of  inches  horizontal  corresponding  to  1  foot  rise; 
as,  3  inches  to  the  foot,  1  inch  in  the  foot.  This  method  is  com- 
monly used  for  gradients  of  70"  and  over  and  is  called  hatter. 
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13.  The  clinometer  is  the  instrument  adopted  for  measuring 
gradients,  T^ith  the  horizontal  plane  indicated  by  a  spirit  level.  It 
consists  (fig.  4)  of  a  sight  tube.  A,  with  a  graduated,  vertical  arc,  B, 
fastened  to  it,  and  a  level  tube,  €,  with  attached  index  arm,  D. 
revolving  about  a  horizontal  axis  through  the  center  of  the  vertical 
aim.  The  bJase  of  the  sight  tube  is  a  plane  parallel  to  the  line  of 
sight.  Under  the  center  of  the  level  tube  is  an  opening  in  the  sight 
tube,  inside  of  which  is  a  mirror  occupying  one-half  the  width  of 
the  sight  tube  and  facing  the  eye  end  at  an  angle  of  45°  with  the 
line  of  sight.  A  horizontal  wire  extends  across  the  middle  of  the 
sight  tube  in  front  of  the  mirror.  When  the  bubble  is  brought  to 
the  center,  its  reflected  image  seen  from  the  eye  end  appears  to  be 
bisected  by  the  wire. 

The  central  position  of  the  bubble  Indicates  that  the  level  tube  is 
horizontal,  and  the  reading  of  the  Index  arm  upon  the  arc  Is  the 
angle  between  the  axis  of  the  level  tube  and  the  line  of  sight.  This 
reading  should  be  0°  when  these  lines  are  parallel.  The  vertical  arc 
is  graduated  each  way  from  0°  at  its  middle  point.  The  index  arm 
has  a  double  vernier  whose  smallest  reading  is  10'  of  arc.  Gradients 
of  more  than  45**  are  difficult  to  measure  on  account  of  the  fore- 
shortening of  the  level  tube  as  reflected  in  the  mirror. 

When  the  vernier  is  set  at  0°,  the  instrument  may  be  used  as  a 
hand  level  to  locate  points  at  the  same  elevation  as  the  eye.  The 
graduation  on  the  inner  edge  of  the  vertical  limb  corresponas  to  the 
ordinary  fractional  method  of  indicating  slopes,  as  1  on  2,  1  on  10, 
etc.  This  scale  should  be  read  on  the  forward  edge  of  the  index 
arm,  or  in  some  forms  on  a  special  index  mark  on  a  shorter  part  of 
the  arm. 

The  level  tube  la  maiie  parallel  to  the  Blarht  tabe  by  the 
adjusting  screws  E  (fig.  4).  To  test  and  correct  the  adjustment, 
place  the  instrument  on  a  smooth  surface,  the  more  nearly  horizontal 
the  better,  and  mark  carefully  the  position  of  one  side  and  one  end 
of  the  sight  tube.  Center  the  bubble  by  moving  the  indivx  arm,  and 
read  the  vernier.  Reverse  the  instrument,  bringing  the  other  side 
and  end  of  the  sight  tube  to  the  marks.  Center  the  bubble  by 
moving  the  index  arm,  and  read  again.  Note  and  record  for  each 
reading  its  direction  from  0",  whether  toward  or  away  from  the  eye 
end  of  the  sight  tube.  Note  and  record  also  the  location  of  the  eye 
end  in  each  position  with  respect  to  some  fixed  object,  so  that  the  in- 
strument can  be  replaced  in  the  first  position  or  second  position  at  will. 

If  the  first  and  second  readings  are  the  same,  the  adjustment  is 
correct.  If  they  differ,  take  the  mean  of  the  two  and  set  the  vernier 
at  that  reading  on  the  side  corresponding  to  the  first  reading.  Place 
the  instrument  in  the  first  position  and  bring  the  bubble  to  the 
center  by  means  of  the  adjusting  screws  B.  For  a  check,  set  the 
same  reading  on  the  side  corresponding  to  the  second  reading  and 
place  the  instrument  in  the  second  position.  The  bubble  should 
come  to  the  middle. 

The  grwLyrlty  clinometer  adopted  in  1906  is  shown  in  figure  5. 
It  consists  of  a  circular  case  in  which  is  a  graduated  circle  con- 
trolled by  a  pendulum.  The  line  of  sight  is  through  the  peep  L  and 
a  glass-covered  opening  at  M.  The  zero  line  is  engraved  on  the  glass. 
A  mirror  near  the  center  reflects  the  scale  back  to  the  peep.  Looking 
through  the  instrument  the  object  is  seen  on  tbe  zero  line,  and  at 
one  end  of  the  latter  a  graduation  of  the  scale  is  visible.  The  gradu- 
ations are  from  zero  at  the  horizontal  each  way  to  45°,  the  gradua- 
tions and  numbers  for  elevation  being  in  red  and  those  for  depression 
\n  black. 

A  sliding  bar  at  JT  unlocks  the  spring-controlled  stop,  which,  when 
pressed,  frees  the  pendulum  and  graduated  circle,  and  when  released 
stops  them  again. 

To  use,  move  the  locking  bar  F  to  free  the  stop  H ;  hold  the  in- 
Btrument  in  the  left  hand  with  the  forefinger  on  the  stop;  depress 
stop ;  bring  line  of  sigbt  oA^^objecf  and  read. 
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A  type  of  hand  level  designed  for  slope  readings  is  now  gen- 
erally preferred  to  the  ellnometer.  This  hand  level  has  horizontal 
lines  on  the  object  glass,  either  reading  degrees  or  per  cent.  With 
the  per  cent  graduations  it  Is  possible  to  obtain  differences  of  eleva- 
tion without  the  necessity  of  using  tables  of  degrees  for  differences 
of  elevation,  but  the  degree  graduation  is  suited  for  use  with  the  exr 
isting  scales  of  slopes,  and  is  generally  preferred. 

14.  The  determinatloii  of  flrradlentB  by  tl&e  plmitli  line  iB 
quicker  and  simpler,  but  less  precise  than  with  the  clinometer, 
though  exact  enough  for  ordinary  purposes.  If  a  line  of  sight  be 
taken  along  the  edge  of  a  board  and  a  line  be  drawn  on  the  board 
perpendicular  to  the  sighting  edge,  this  line,  when  the  board  is  held 
in  a  vertical  plane,  will  make  the  same. angle  with  the  plumb  line 
that  the  sighting  edge  makes  with  the  horizontal,  or,  in  other  words* 
will  indicate  the  gradient  (fig.  6.). 

Such  a  construction  is  called  a  slope  board  and  is  readily  im- 
provised. The  scale  may  be  constructed  by  sweeping  an  arc  of  a 
circle  AB  (fig.  6)  from  the  point  C,  at  the  intersection  of  the  per- 
pendicular and  the  sighting  edge.  From  the  perpendicular  at  D 
lay  off  each  way  on  the  arc  chords  equal  in  length  to  the  radius  CD 
divided  by  57.3«  It  is  convenient  to  take  a  radius  of  5.78  inches,  or 
5i  inches  scant,  when  the  chords  will  be  iV  inch,  or  a  radius  of  7  A 
inches,  when  the  chords  will  be  i  inch,  accordingly  as  the  scale  used 
is  graduated  to  tenths  or  eighths. 

Short  radial  lines  drawn  at  the  ends  of  the  chords  form  a  gradu- 
ation in  degrees.  The  scale  may  be  drawn  on  the  lower  edge  of 
the  board  by  prolonging  the  radial  lines  as  indicated  in  the  figure. 
The  plumb  line  is  suspended  from  the  point  G. 

In  use,  the  board  is  held  so  that  the  plumb  line  swings  free  but 
very  close  to  the  board.  The  sighting  edge  is  directed  to  the  object 
and  when  the  line  is  steady  the  board  is  quickly  tilted  so  that  the 
line  draws  across  the  edge.  The  board  is  then  turned  to  a  hori- 
zontal position  or  nearly  so,  and  the  reading  taken ;  or,  when'  the 
-line  is  steady,  it  may  be  pressed  against  the  board  with  the  finger 
and  held  In  place  until  the  reading  is  taken.  With  a  straight  scale 
and  for  steep  grades  the  latter  method  is  better. 

15.  Blevationa. — From  the  alope  and  distanee  the  elevation  of 
a  point  above  an  assumed  plane  of  reference  may  be  derived.  The 
dilleremee  of  helffbt  of  any  two  points  is  known  by  comparing 
their  elevations  above  a  common  plane^  called  the  plane  oC  reCer- 
ence*  or  datnn&. 

The  plane  of  reference  is  taken  low  enough  so  that  no  point  of  the 
area  to  be  covered  bv  the  reconnaissance  will  be  below  it.  This  makes 
all  elevations  positive.     Knowing  the  height  of  a  point  above  this 

Elane  of  reference,  the  elevation  of  any  other  point  may  be  obtained 
y  taking  the  gradient  and  distance  to  that  point,  deriving  from 
them  the  dlfBerence  of  height  between  the  two  points,  and  adding  this 
difference  to  the  elevation  of  the  first  point  if  the  gradient  is  rising, 
or  subtracting  it  if  the  gradient  is  falling. 

The  elevation  for  a  given  gradient  and  distance  depends  upon 
whether  the  distance  is  measured  along  the  gradient  or  along  the 
harizontal.  Distances  paced  are  along  the  gradient.  Those  measured 
with  a  chain  will  also  usually  be  on  the  slope,  though  sometimes  care 
is  taken  to  hold  the  chain  horizontal,  in  which  case  the  table  for 
horizontal  distances  is  to  be  used.  Those  determined  by  intersections 
or  scaled  from  a  map  are  along  the  horizontal. 

The  differences  of  elevation  corresponding  to  various  gradients  and 
any  distances  may  be  taken  from  the  following  tables : 
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Table  III. 

17. 
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for  gradients  of  0" 

and  30* 

\   and 

difltances  measured  on  the  slope. 

. 

Oradi- 

.  Difference  of  elevation  for  sloping  distances  of 

— ^ 

entiii 

de- 

• 

grees. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

i 

00087 

00174 

00262 

00349 

00436 

00523 

00611 

00698 

arm 

1 

00174 

00349 

00523 

00898 

00873 

01047 

01222 

01396 

01571 

u 

00262 

00523 

00785 

01047 

01309 

01571 

01832 

02094 

02356 

2 

00349 

00698 

01047 

01396 

01745 

02094 

02443 

02792 

03141 

2i 

00436 

00872 

01308 

01745 

02181 

02617 

03053 

03489 

03926 

3 

00523 

01047 

01570 

02093 

02617 

03140 

03663 

04187 

04710 

4 

00697 

01395 

02093 

02790 

03488 

04185 

04883 

05580 

06278 

5 

00871 

01743 

02615 

03486 

04358 

05229 

06101 

06972 

07844 

6 

01045 

02090 

03136 

04181 

05226 

062T2 

07317 

08362 

09407 

7 

01219 

02437 

03656 

04876 

06093 

07312 

08531 

09740 

10968 

8 

01392 

02783 

04175 

05587 

06959 

08850 

09742 

11134 

12626 

9 

01564 

03129 

04693 

06257 

07822 

09386 

109S0 

12515 

14079 

10 

01736 

03473 

05209 

06946 

08682 

10419 

12155 

13892 

15628 

12 

02079 

04158 

06237 

08316 

10396 

12475 

14564 

16633 

18712 

14 

02419 

04838 

07288 

09677 

12096 

14515 

10934 

19854 

21773 

16 

02756 

05513 

08269 

11025 
12361 

13782 

16538 

19294 

22U51 

24807 

IS 

03090 

061  SO 

09270 

15461 

185il 

'21631 

24731 

27811 

20 

03420 

06840 

10261 

13681 

17101 

20521 

28941 

27362 

3078»- 

22 

03746 

07492 

11238 

14984 

18730 

22476 

20222 

20968 

33714 

24 

04067 

08135 

12202 

16269 

20337 

24404 

28471 

32539 

36606 

26 

04384 

08767 

13161 

17S35 

21918 

26302 

30686 

85070 

30463 

28 

04605 

09389 

14084 

18779 

23473 

28168 

32863 

37558 

42252 

30 

05000 

10000 

15000 

2000O 

25000 

30000 

35000 

40000 

45000 

Th«  difference  of  elevation  for  any  sloping  distance  and  any  angle 
or  gradient  may  be  found  by  multiplying  the  distance  by  the  «ine  of 
the  angle,  Table  XIV. 

Eixplanatlon  of  use  of  Tables  II  and  III : 

Rule. — From  the  line  of  the  given  gradient,  take  out  the  tabular 
numbers  corresponding  to  each  of  the  figures  of  the  given  distance, 
beginning  at  the  right,  and  set  them  down ;  each  one  place  to  the 
left  of  the  one  above  if.  Retain  the  ciphers  at  the  beginning  of  the 
last  tabular  number  taken  out,  if  any.  Other  left-hand  ciphers  may 
be  dropped. 

Add  the  tabular  numbers,  and  point  off  from  the  left  the  number 
of  places  equal  to  that  of  the  left-hand  figure  of  the  distance, 
counting  any  left-hand  ciphers.  The  result  is  the  difference  of 
elevation.  In  the  same  unit  as  the  distance. 

Bxamplea. — For  the  difference  of  elevation  corresponding  to  a 
gradient  of  3**  and  a  distance  of  6,273  feet  on  the  slope — 

From  Table  III — 

For  3  opp.  3*  and  under  3,  1570 

For  7  opp.  3*  and  under  7,  3663 

For  2  'opp.  3**  and  under  2,  1047 

For  6  opp.  3"  and  under  6,  031 40         retain  leading  cipher. 


As  6  is  in  4th  place,  point  off  4,    0328.  2900 
Diff.  of  elevation  >-  328.  29     ft. 
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2d.  What  difference  of  elevation  for  gradient  of  5\  and  horizontal 
distance  of  7,180.56  yards? 
From  Table  II — 

Opp.  5*"  and  under  6,  6250 

Opp.  5°  and  under  5,  4375 

Opp.  5*  and  under  8,  7000 

Opp.  5"  and  under  1,  875 

Opp.  5**  and  under  7*  06125  retain  leading  cipher. 

7  is  in  4th  place,  point  off  4,     0628.  299000 
Diff.  of  eleyatlon  =  628.  299        yds. 

18.  Barometric  levelingr* — The  weight  of  the  atmosphere  at  sea 
level  Is  14.703  pounds  per  square  inch,  equal  to  the  weight  of  a 
column  of  mercury  29.92  inches  high,  or  a  column  of  fresh  water 
84.7  feet  high. 

The  aneroid  barometer  records  the  pressure  of  the  atmosphere 
in  IncheSt  the  same  as  a  mercurial  barometer,  .the  reading  being 
taken  from  a  pointer  moving  on  a  circular  scale.  The  corresponding 
elevation  in  feet  is  also  shown  on  the  dial  of  the  aneroid  barometer. 
It  must  be  carefully  handled  as  it  is  sensitive  to  shocks.  A  screw 
head  will  be  seen  through  a  hole  in  the  back  of  the  outer  case  by 
which  the  needle  may  be  brought  to  any  desired  reading,  and  the 
instrument  corrected  whenever  it  can  be  compared  with  a  standard. 
With  the  aneroid,  corrections  for  instrumental  temperature  can  not 
be  made,  and  for  this  reason  small  pocket  instruments  are  preferable; 
as  carried  in  the  pocket  they  are  not  exposed  to  so  great  changes 
in  this  respect. 

The  preasvre  of  the  atmospliere  irarieB  with  the  altitude 
above  sea  level,  and  it  also  varies  with  the  moisture,  temperature, 
and  latitude,  which  do  not  depend  upon  the  altitude. 

In  measuring  altitudes  with  the  barometer  these  other  causes  of 
Tariation  must  be  eliminated  so  far  as  possible.  It  is  best  done  by 
simultaneous  observatfon  at  both  stations.  If  the  stations  are  not 
far  apart  all  disurbing  conditions  will  be  substantially  the  same  at 
each  and  therefore  eliminated,  except  temperature,  which,  with  con- 
siderable difference  of  altitude,  will  always  be  less  at  the  upper  than 
at  the  lower  station. 

If  9imult(meou9  observations  com,  not  be  made,  the  stations  should 
be  occupied  with  as  little  interval  of  time  between  as  possible,  and 
better  results  will  be  obtained  if  the  time  of  observation  can  be  so 
chosen  as  to  take  advantage  of  calm,  bright,  dry  weather. 

When  the  hygrometric  conditions  are  very  uniform  an  aneroid 
read  at  Intervals  on  a  day's  march  over  a  rough  country  will  give 
a  fairly  good  idea  of  the  profile. 
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:? 
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37 
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11 
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0.0 
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m 

0538 

m 

0.8 

n'.'m 

0,423 

1  '.s 

s.g 

u:.«s 

:s 

0308 

2& 
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e,iM 

m 
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m 
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.1 
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.2 
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\\ 
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20 
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30 
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Table  V. 

20.  Coeffllclei&ta     for    temperature     correction. — ^Argument 
(*  +  t')=Sum  of  temperatures  at  the  two  stations: 


t+t'. 

Coefficifint 
C. 

t+t'. 

Coefficient 

a 

<+r. 

Coefficient 

a 

9 

0 

-0.1024 

o 

60 

-0.0380 

9 

120 

+0.0262 

10 

—0.0915 

70   . 

-0.0273 

130 

+0.0368 

ao 

-a0806 

80 

-0.0166 

140 

+0.0472 

30 

-0.0608 

90 

-0.0058 

ISO 

+0.0575 

40 

-0.0592 

100 

+0.0049 

160 

+0.0677 

60 

-0.0486 

110 

+0.0156 

170 

+0.0779 

60 

-0.0380 

120 

+0.0262 

180 

+0.0879 

Sxamples: 


Station. 


Sacramento. 
Summit 


Temper- 
ature. 


42.1 


From  table  of  elevations Sacramento  —    — 12. 7 

Summit        «=  6,901.0 


t+t'  -  102* 

.-.  C  -  +0.0070 

.*.  Temperature  correction,  6,913.7  X  0.007 


Biff.       =  6,913.7 


=     +48.4 


■ 

H 

=  6,962.1  feet. 

Station. 

Barome- 
ter. 

Temper- 
ature. 

Ticwer 

• 

• 

Inchet. 
28.076 
22.476 

57.3 

^DDer 

3S.5 

From  table  of  elevations Lower 

Upper 


Dili. 


t^t'  «  96'».08 

...  c  -  +0.0004 

.'.  Temi)erature  correction,  6,060  X  0.0004 


7,867.0 
1,807.0 

6,060.0 
+2.4 


H       -  6,062. 4  feet. 

21.  Use  of  compasses. — A  good  needle  requires  time  to  settle  even 
when  the  case  is  firmly  supported,  and  the  user  should  cultivate  the 
knack  of  catching  it  at  the  middle  of  its  swing,  which  is  the  desired 
reading.  If  the  compass  can  be  supported,  it  is  always  better  to  do 
so.     Then  the  sight  can  be  carefully  taken  and  the  position  of  the 
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eye  changed  to  read  the  needle.  Wait  till  the  swing  gets  down  to 
4^  or  5**,  which  It  will  usually  do  in  a  few  seconds.  Then  catch  the 
highest  and  the  lowest  readings  on  the  same  swing  and  take  their 
mean  for  the  true  reading.  If  the  first  swings  are  very  large,  catch 
the  needle  with  the  stop  near  the  middle  of  the  swing  and  release 
it  quickly.  This  will  suddenly  check  the  swings  and  shorten  the  time 
in  which  the  readings  can  foe  taken. 

In  using  the  box  compass  without  a  support  hold  it  sufficiently  below 
the  eye,  so  that  the  swing  of  the  needle  can  be  seen.  Point  tne  edge 
of  the  lid  in  the  required  direction,  catch  the  needle  with  the  stop 
in  the  middle  of  a  swing  and  hold  it  stopped  until  the  reading  is 
taken.  Stop  readings  are  less  accurate  ^an  sight  readings,  as  the 
needle  may  be  displaced  slightly  when  off  the  pivot.  When  the  stop 
is  used  press  it  quickly  and  firmly.  Always  sight  a  fixed-card  compass 
from  the  south  end  of  the  card  afld  read  the  north  end  of  the  needle. 

With  the  prismatic  compass  the  stop  is  not  used  except  to  check  the 
tfwings.  Utilize  a  support  if  practicable.  The  prism  having  been 
adjusted  for  focus,  as  already  explained  <par.  8),  adjust  the  case  so 
as  to  bring  the  scale  into  focus,  and  when  the  swings  become  small 
read  the  extremes  and.  take  the  mean. 

Compasses  for  night  marching  are  on  the  inaxket,  but  are  not  very 
reliable.  They  have  the  dial  rendered  luminous  by  a  paint.  After 
exposure  to  the  sun  or  strong  daylight  they  give  off  light,  at  first 
rather  strong,  but  rapidly  diminishing  in  intensity.  After  a  few 
hours  they  are  not  bright  enough  to  be  of  much  use. 

The  surest  preparation  for  night  marching  is  a  provision  for 
Illuminating  the  compass  by  oc/dinary  means  without  allowing  the 
light  to  be  seen. 

22.  T6  determine  the  de^llnatiott  of  the  compass  s 

First  method;  from  flte  8un. — Prick  a  small  hole  in  a  piece  of  tin 
or  opaque  paper  and  fix  securely  over  the  south  edge  of  a  table  or 
other  surface  perfectly  level,  so  that  the  sunlight  coming  through 
the  hole  will  fall  on  a  convenient  place  on  the  surface  (fig.  9).  The 
hole  may  be  2  fleet  above  the  table  for  long  days  and  X8  inches  for 
short  ones.  Half  an  hour  before  to  half  an  hour  after  noon  mark 
the  position  of  the  spot  of  sunlight  on  the  horizontal  surface  at 
equal  time  intervals  of  about  10  minute^.  Draw  a  curve  as  bd 
(fig.  9),  through  the  points  marked,  and  from  point  c  in  the  hori- 
zontal surface  and  in  a  vertical  line  with  the  kole  a  sweep  an  arc 
ej  intersecting  bd  in  two  points.  The  Hne  eg,  drawn  from  c  through 
a  point  on  the  arc  midway  between  the  intersection,  is  the  true 
meridian.  The  line  bd  illustrates  the  method  merely,  its  form  varies 
with  the  sun's  declination. 

Second  method;  from  the  sun  or  a  star. — -Observe  the  magnetic 
bearing  of  the  sun,  a  planet,  or  a  bright  star  at  rising  and  setting  on 
the  same  day,  or  at  setting  on  one  day  and  at  rising  on  the  next. 
Take  the  difference  between  the  sum  of  tne  rising  and  setting  azimuths 
and  360°.  One-half  of  this  difference  is  the  declination  of  the  compass 
or  variation  of  the  needle,  east  if  the  sum  of  the  azimuths  is  less 
than  360** ;  west,  if  it  is  greater.  In  nslngr  this  method,  the  ob- 
servations are  better  taken  when  the  object  Is  just  above  the  true 
horizon,  or  at  a  gradient  of  zero.  This  can  usually  be  done  if  a  high 
point  is  chosen  for  the  observations.  If  it  ean  not  he  done,  be  care- 
ful to  take  both  observations  with  the  object  at  the  same  gradient. 
This  is  most  important  irith  the  san.  Under  the  least  favor- 
able conditions  an  Inequality  of  1°  in  the  gradients  at  the  times  of 
observation  on  the  sun  may  introduce  an  error  of  i**  In  the  result.  If 
nsins  a  star,  choose  one  which  rises  nearly  east  from  the  point  of 
observation,  and  the  inequality  of  a  degree  in  gradients  will  not  be 
material. 

The  change  in  declination  of  the  sun  between  observations  can  not 
affect  the  result  more  than  i°. 

Both  observations  need  not  be  made  at  the  same  point,  but  should 
not  be  more  than  10  miles  apart  in  east  and  west  or  north  and  south 
directions. 
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The  two  foregoing  methods  are  applicable  in  the  fiorthem'  or  aouth- 
em  hemisphere. 

Third  method;  from  Polaris, — The  true  north  pole  is  abont  1**  12' 
distant  from  Polaris  on  a  line  Joining  that  star  with  one  in  the 
handle  of  the  dipper,  and  another  in  Cassiopeia's  Chair  (fig.  10). 
One  of  these  stars  can  be  seen  whenever  Polaris  is  Tisible.     The 

Folar  distance  of  Polaris  is  decreasing  at  the  rate  of  19''  a  year, 
t  also  varies  during  the  year  by  as  much  as  1'.    The  latter  variation 
mav  be  neglected,  and  the  former  also  for  a  series  of  years. 

Imagine  Polaris  to  be  the  center  of  a  clock  dial,  with  the  line 
Joining  12  and  6  o'clock  vertical  and  with  the  position  of  one  df  the 
lines  described  considered  as  the  honr  hand  of  the  clock.  The  dis- 
tance in  Bsimuth  of  Polaris  from  the  true  north  may  be  taken  from 
the  following  table : 

Tablb  VI. 

23.  Table  aliovvlns  tlie  aalmutlfta  of  Polaris  in  different  posi- 
tions with  respect  to  the  pole.  Epoch  1011 ;  polar  distance  70'. 
Latitude  0**  to  18"  north.     This  table  may  be  used  until  1930. 


Clock  reading  of — 

Ari- 
muth 

of 
Polar- 
is. 

Clock  reading  of— 

Admuth 

of 
Polaris. 

Clock  reading  of— 

Azi- 

of 

Polaris. 

1 
Cass. 

Z 

TJrsae 

Mai. 

8 
Cass. 

z 

Ursae 
MaJ, 

a 
Cass. 

Z 

Ursae 
MaJ. 

XII:30 
I 

1:30 
II 
III 

iin 

viao 
vn 
viiao 
vni 

IX 
X 

18 
85 
49 
61 
70 
61 

IIII-^ 

V 

V:30 
VI:80 
VII 

VII  ao 

xao 

XI 
XI:30 
XII  :30 

I 

1:30 

0              / 

49 

35 

18 

359    42 

359    25 

359    11 

VllI 

IX 

X 

X:30 
XI 
XI:30 

II 
III 

nil 

1111:30 
V 
V:30 

0               / 

358    59 
358    50 

358  59 

359  11 
359    25 
359    42 

For  higher  latitudes  add  to  the  small  azinraths  or  subtract  from  the  large  ones,  as 
follows: 

Lat.  19«-30%  A.  Lat.  51  •-53%  V„. 

Lat.  31  ^-S?',  A.  Lat.  56°-67%  A- 

Lat.  38"-42%  A.  Lat.  58''-59%  ^%. 

Lat.  43'*-46',  A.  Lat.  60*»-6I \  ^. 
Lat.  47«-50%  A. 

It  is  well  to  keep  track  of  the  position  of  Polaris  by  noting  it  fre- 
quently and  taking  the  corresponding  clock  time.  Then  if  on  a 
cloudy  night  a  glimpse  of  Polaris  is  had,  the  observation  may  be 
taken  even  though  the  other  stars  can  not  be  seen. 

24.  For  practical  details  of  tlie  observation,  the  following 
may  serve  as  a  guide:  Select  a  clear  space  of  level  ground  not  too 
near  buildings  or  any  object  which  might  cause  local  disturbance  of 
the  needle.  Drive  a  picket,  leaving  its  top  smooth  and  level,  about 
18  inches  above  the  ground.  Six  feet  north  of  the  picket  suspend 
a  plamb  line  from  a  point  high  enough  so  that  Polaris,  seen  from 
the  top  of  the  picket,  will  be  near  the  top  of  the  line  (fig.  11). 
The  line  should  be  hard  and  smooth,  about  -^  inch  diameter.  The 
weight  at  the  bottom  of  the  line  should  hang  in  a  vessel  of  water 
or  in  a  hole  dug  in  the  ground  to  lessen  its  vibration.  Drive  a 
second  picket  in  range  with  the  first  one  and  the  plumb  line  a  short 
distance  north  of  the  latter.    Make  a  peep  sight  by  punching  a  hole 


aboor  ^  Inch  dtsmetpr  in  a  pieo>  of  paper  and  hold  it  oa  the  tx» 
of  thp  flr^t  picker:  adjast  it  ^o  rhar  die  sirar  is  behted  the  pioaip 
line  vrben  looking  rhrom^  rhe  peep.  Note  the  ponltion  of  one  of  the 
.>4rar9  on  tlie  imai^liiary  clock  fttce  at  the  mcmipnt  the  observatiiM  is 
Mk^n.  Mark  fhe  poaLtioa  of  the  peep  oa  the  top  of  the  ftrst  pifcket 
aniY  I^y  a  straishredse  or  atrptch  a  line  from  that  point  tfMiehiBa  the 
plomb  Mnt-  to  thf^  second  picket.  Place  tbf  north- aiid-«Miith  edge  of 
fhe  compasw  box  asrainnr  rhe  lint^  or  i«rrai£hr(Mi)se  and  read  the  needle 
Find  the  azbnnrb  oi  the  star  at  the  time  oi.  oteervntian  frmn 
Talvl**  VI. 

It  the  as.  mft  ^mWmrim  (Table  TI»  and  the  — n<t»i:  •€  tke 
iw«dl«  ar(>  b«>th  le«n  or  l^miUt  gaaateM  than  180^.  tteir  ^tfl.  is 
the  deefiamttoBf  c«»t  If  the  meedle  reading  Is  If—.  ^r«at  if  it  is 
ST  venter.  If  one  of  these  quantities  i»  !««■  and  the  otlter  svcAter 
than  180*,  add  .'^60'*  to  the  less*»r  and  take  the  difT.  which  is  the 
declination ;  enat  If  after  the  addition  is  made  the  mee^le  rending  is 
]ei»«9  ^rest  if  it  is  fpre«ter  than  the  taboiated  ax. 

This  m*^thod  wiTI  afre  rp^nlt.^  trne  to  wfthin  I". 

^5.  IMstnnee«  pa^ssed  over  are  ordinarily  measnred  by  the  stride 
of  a  man  or  a  hor^A.  or  by  rhe  r*»voltitiona  of  a  wheel.  IMstanees  not 
pSAfl^d  over  are  determinpd  by  icte-rsection  or  are  estimated. 

PnelnjK  on  foot« — The  len^h  of  a  man's  p«ce  at  a  natural  walk 
Is  atK>nt  Zf>  Inrhf'S.  varying  somewhat  above  and  below.  A  stride 
equals  two  paces.  Each  sketcher  must  determine  his  own  length  of 
pace  by  wnlkinii;  several  times  over  a  known  distance.  An  unnatural 
stride  should  never  be  taken.  Knowing  the  length  of  a  pace  or  step, 
the  measnrement  of  a  distance  is  only  a  matter  of  counting  steps! 
The  counting  may  be  done  mentally,  and  with  practice  becomes  a 
subconscious  operation,  leaving  the  attention  free  to  take  note  of  sur- 
rounding objects  and  conditions.  The  greatest  danger  is  of  drop- 
ping 100  paces.  It  Is  better  to  keep  a  tally  of  the  hundreds.  By  use 
of  a  paee  imlly  all  danger  of  error  is  avoided. 

On  level  ground  careful  pacing  will  give  distances  correct  to  3 
per  cent  or  less.  The  normal  length  of  pace  decreases  on  slopes. 
Tlie  decrease  varies  with  the  slope  and  with  the  direction*  whether 
ascending   or  d«>sccndlng.      The   following  table  gives   the  length    of 

fmce  on  slopes  of  6^  to  80*,  corresponding  to  a  normal  pace  on  a 
eve  I  of  80.4  Inches. 


Tabi«b  YII. 


Slopes. 


TiSnKth  of  fltpp  asoondlne. . 
Leiiglti  of  step  descendint;. 


0' 

30.4 
30.4 

5' 

10« 

15" 

20" 

19.7 
26.4 

25" 

27.6 
20.2 

24.4 
28.3 

22.1 
27.6 

17.8 
23.6 

30* 


15.0 
19.7 


Tor  the  jinme  person,  the  length  of  step  usually  decreases  with 
fiitlgup.  Hkcytclinrs  stionld  tost  their  pace  when  fresh  and  when  tired, 
nud  If  llUMo  Is  an  nppreclnble  difference,  use  one  length  tor  the  morn- 
ing Hitd  till'  olhoi'  length  for  the  afternoon  work. 

20  A  dlf^lnnco  on  n  slope  measured  by  foot  pacing  may  be  reduced 
to  the  cot'i'ot't  horlfontnl  distance  for  plotting  on  the  map  by  the 
fnlhm'Ing  tnlile.  which  takes  account  of  the  decrease  In  length  of 
i)H('e,  Tublo  VI T,  and  also  of  the  reduction  to  the  horizontal.  Table 
All.  ThiR  tnblp  Ortu  be  used  only  when  the  length  of  pace  has  been 
di*tei'nilned  on  level  ground,  which  should  usually  be  done.  ¥^en  a 
cotiRtdornble  stretch  of  road  la  found  with  fairly  uniform  slopes,  a 
spoolHl  nvernge  rntlng  may  be  made  over  a  distance  involving  a 
•ali'ly  rei>resotitntlve  rnnge  of  slopes  and  this  average  rating  mdy  be 
iBei!  without  Induction. 
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Table  VIII  gives  directly  the  horizontal  equivalents  of  the  distances 
usually  occurring  in  foot  pacing.  If  desired,  other  distances  may  be 
obtained  by  combinations. 

From  1  to  9,  take  the  first  figure,  left-hand  cipher  Included,  of  100 
to  900  for  the  whole  number  and  the  second  figure  for  the  tenths. 

From  10  to  90,  take  the  first  two  figures,  left-hand  ciphers  included, 
of  100  to  900  for  the  whole  number  and  the  third  figure  for  tenths. 

For  290  take  100  +  190 ;  for  440  take  140  +  300,  etc. 

Example :  For  the  horizontal  equivalent  of  738  paces  on  a  5*  rising 
slope. 

700  +  30-1-  8—632.8  +  27.1  +  7.2=667.1. 

28.  Pacing  moiinted. — The  average  tcalk  of  a  horse  is  a  mile  in 
16  minutes,  or  Si  miles  per  hour,  making  120  steps,  covering  110  yards 
per  minute,  the  step  being  0.916  of  a  yard,  or  33  Inches. 

The  average  trot  is  a  mile  in  8  minutes,  or  7i  miles  an  hour,  mak- 
ing 180  steps,  covering  220  yards  per  minute,  the  length  of  step  being 
1.22  yards,  or  44  inches. 

It  will  arenerally  be  foiind  more  con-venlent  in  pacing,  both 
on  foot  and  mounted,  to  count  the  steps  of  one  foot  only,  and  multiply 
the  number  counted  by  the  stride  of  one  foot,  which  is  twice  the 
length  of  step  given  above.  In  this  case  the  number  counted  is 
doubled  for  use  with  the  tables  and  scales  given  herein. 

Tlntliiflr. — Counting  the  steps  of  a  horse  diverts  the  attention  more 
than  is  desirable,  andf  it  is  better  to  determine  distances  in  mounted 
reconnaissance  from  the  times  occupied  bv  the  horse  in  passing  over 
them.  A  stop  watch  is  the  most  satisfactory  timer  for  this  pui^ 
pose.  The  rating  is  done  by  ascertaining  the  time  required  to  pasa 
over  a  known  distance.  Time  and  step  ratings  should  be  taken 
together  by  counting  and  timing  at  once.  Ratings  should  be  taken 
before  the  reconnaissance,  if  possible,  but  for  short  stretches  of  hasty 
work  the  averages  given  above  may  be  used  without  serious  error. 

Horses  travel  better  in  pairs,  and  two  men  should  be  sent  6ut  to- 
gether, one  to  do  the  sketching  and  the  other  to  give  his  entire  atten- 
tion to  taking  the  time  and  keeping  his  horse  at  a  regular  gait.  It  is 
better  to  rate  the  pairs  together.  If  it  has  not  been  done,  take  the 
rate  of  the  timer's  horse. 

When  a  sketcher  is  traveling  with  a  party  and  must  keep  their  gait, 
an  occasional  count  of  his  horse's  steps  for  a  minute  or  two  will  give 
a  special  scale  for  use  in  plotting. 

29.  The  speed  of  a  horse  over  road  grades,  even  in  moderately 
hilly  countries,  is  not  affected  by  the  slope  sufficiently  to  make  an 
allowance  necessary.  Distances  up  and  down  grades  measured  by 
timing  in  mounted  reconnaiFsance  will  require  no  correction  except 
that  to  the  horizontal,  Table  XII,  which  may  be  applied  if  the  slopes 
exceed  5**  or  6°.  This  statement  does  not  apply  to  distances 
measured  by  mounted  pacing  or  counting  the  steps  of  a  horse. 

30.  The  walk  Is  tbe  normal  aralt  for  reconnaissance. — If 
greater  speed  is  necessary,  the  timer  may  go  on  while  the  sketcher  is 
taking  angles  and  plotting,  the  latter  taking  the  trot  or  the  gallop  and 
overtaking  the. timer  Just  before  he  reaches  the  next  station.  This 
method  should  be  used  only  when  the  required  distance  can  not  be 
covered  at  a  walk. 

If  circumstances  require  short  distances  to  be  covered  at  a  trot  or 
gallop,  the  times  may  be  reduced  to  walking  time  by  multiplying  by  2 
for  the  trot  and  3  for  the  gallop. 

31.  The  odometer  is  an  instrument  for  recording  the  number  of 
revolutions  of  a  wheel.  The  adopted  form  is  in  a  leather  case,  4i 
inches  in  diameter  by  21  inches  thick  (figs.  7  and  8).  It  is  attached 
by  straps  to  the  front  wheel  of  a  wagon  (fig.  7).  To  read,  the  case  is 
opened,  the  registering  train  withdrawn,  and  the  number  of  revolu- 


The  bearings  of  the  odometer  must  be  kept  free  from  grit  and  may 
oiled  with  fine  oil  used  sparingly ;  gummy  oils  or  grease  mnst  not 
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be  used.    If  good  oil  is  not  to  be  had,  rub  the  bearings  with  a  soft  lead 
pencil* 

Odometer  readings  are  valuable  as  a  rough  check  on  a  day's  march. 
They  are  not  accurate,  but  are  free  from  large  errors.  Two  instru- 
ments on  the  same  wagon  will  not  always  agree.  On  heavy  roads, 
mud  or  sand,  there  is  a  slip,  sometimes  positive  and  sometimes  nega- 
tive. 

Table  IX. 

32.  Ifnmber  of  revoliitioiia  per  mile,  of  odometem  attached 
to  wheels  36  inches  to  48  inches  diameter : 

Diameter  of  wheel.  Revolutions. 

36  Inches . 560.  2 

37  inches ..— ^ 545. 1 

38  inches 530.  7 

39  inches 517.  1 

40  inches 504.  2 

41  Inches - 491. 1 

42  inches 480.  2 

43  Inches 469.  0 

44  inches 458.  4 

45  inches 448.2 

46  inches * 488.4 

47  inches 429. 1 

48  Inches 420.  2 

Sise  of  irlieela  of  some  military  wagons :  Ambulance,  36|  inches ; 
ponton  (light)  tool  and  chess,  42g  inches;  escort,  44}  inches;  ponton 
(heavy),  45  inches;  Army  six,  47|  inches. 

33.  BatlmatloB  of  dlataneea  is  a  knack  which  may  be  culti- 
vated by  practice  to  a  degree  of  accuracy  far  beyond  that  whidh  is  at 
first  attainable,  and  quite  sufficient  for  the  location  of  many  objects 
cflT  the  traverse  line.  Short  distances  are  more  closely  estimated  than 
longer  ones ;  those  on  a  level,  than  those  up  or  down  hill.  When  the 
Intermediate  ground  can  be  seen,  the  estimation  will  be  closer  than 
when  it  can  not. 

A  rough  estimate  ist  distance  may  be  made  from  the  velocity  of 
sound,  as  1^  knowing  the  time  that  elapses  betweai  seeing  and  hear- 
ing the  discharge  of  a  gun,  or  the  fall  of  an  ax.  Note  the  time  in 
seconds  nnd  multiply  by  400  for  the  distance  in  yards. 

Distances  across  water  are  usually  underestiinated.     The  distance 

of  the  visible  horizon  on  water  in  miles  is  1.225  ifH;  H  being  the 
height  of  the  observer  above  the  water  surface  in  feet. 

A  cartridge  or  other  small  heavy  object  fastened  to  a  string  10 
Inches  long  and  allowed  to  swing  throught  a  small  angle  or  are  will 
beat  half  seconds  approximately. 

34.  Tlfte  location  of  a  point  by  Intersection  is  done  by 
taking  azimuths  to  it  from  two  known  points.  As  each  of  these 
azimuths  when  plotted  must  pass  through  the  unknown  point,  it 
mast  be  at  their  intersection. 

An  observer  at  an  nnkno'wn  point  may  locate  himself  from 
two  visible  known  points  by  taking  an  azimuth  to  each.  From  the 
known  points  plot  the  corresponding  hack  azimuths  and  they  will 
intersect  at  the  point  of  observation.  This  process  is  called  re- 
•eetion.     It  is  subject  to  errors  of  local  attraction.     (Par.  9.) 

The  accuracy  of  a  location  by  intersection  is  affected  by  the  rela- 
tion of  the  azimuths  and  of  the  distances.  The  greatest  accuracy 
results  when  the  azimuths  differ  by  90"  or  270**  and  the  distances  are 
equal ;  in  which  case  the  two  azimuths  and  the  base  form  a  right- 
angled  triangle.  A  difference  of  azimuths  of  less  than  30 **  or  more 
than  330**  should  be  avoided. 

Brrors  in  length  of  the  base,  or  distance  between  the  known 
points,  affect  the  distances  in  the  same  proportion.     If  the  base  is  5 
or  lO  per  cent  in  error,  both  the  distances  will  be  in  error  in  t^ 
same  direction  by  the  same  percentage. 


xHoarxxa  raxs  hahitai. 

e  most  eBBllJ  determined  tram  [ntenacttonB  by  plottlns 


eratloD  of  Cbe  unknown  point  maj  be  determined  after  the  d 


-.  -,  „ , .0  teotba  and  the  laet  tenth  to- 

htindredtbB. 

Metallic  tBpeii  are  ol  IJnca  with  wires  woven  In  lODgltudlnBll;. 
Thej  are  eraduated  In  the  same  waj  as  tape  chainB,  and  also  la  feet. 


They   stretch   subtly. 


right  dlst 


orefnllT  whether 
See  that  tbe  Mn 
hf  end,    and  If  the 

the  small  dlvlsloii 

i''%S" 

le  Bresped  In  both  bsnds, 

1  toward  each  other  aloeg  the  rule,  the  tips 

or  pass,  and  by  carefnily  notlajf  llieir  relk- 

e  approximateli  repn>duced  at  anf   tlmi 

ian5s,  -'--'--  -'■-  ■ ■-  — 


If  a  rule  or  rod  ( 
down,  with  the  oi 
and  tbe  thumbs  e 
of  the  thorn  ba  mil 

tlve  positions  a  f._. __ _., 

by  eraBpInK  a  atli^b  In  tbe  bands,  placing  the  thunibE  In  tbe  proper 
poaftion,  and  marhlng  the  outside  of  tbe  hands.  A  length  may  be 
measured  In  feet  by  pasxlng  along  IC  hand  over  hand,  placing  first 
tbe  edges  of  tbK  bands  (ogptber  and  then  the  tburabs  aa  deacribed. 

Every   military  tonographer  ahould   know  the  length  of  IiIb   shoe, 
his  exact  height,  and  tbe  lengtb  of  his  fore&nger.    A  copper  cent  is 

It  la  Impra 
■Fadostlno. 


36,  Table   for   «onveralon    of    lucheii    and    alxt 

dirlmals  i>t  a  foot  and  tbe  reverse.     The  quantities  In 
thousandths  of  a  toot.    The  decimal  point  la  omitted. 
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Table  XI. 
37.  X^HkB  «f  an  lacfi  In  decimals  of  an  Ivtilii 
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tV 
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188 
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31S 
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625 

— "  1 » 

H 

688 

I 
750 
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H 
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063 

.500 

563 

813 

— 1"  ■ 

675 

938 

•  38.  Ii«aii«tio»  tofhe  iiirrtacmtal'.^^Dlst&nces  measured  along 
a  slope  may  requJre'a  borre'ction  "before  plotting  th«fn  on  a  map,  as  ali 
map  distances  are,  ov  ar^  supposed  to  be,  toeasut'ed  In  a  horizontal 
plane.  Snch  corrections,  when  made,  ar^  called  reduction  to  tbe 
horlaontal.  The  following  table  gives  Horizontal  distances  corre- 
sponding to  sloping' dIstaVices  for  gradients  up  to  ^0°.  This  table  is 
to  be  nsed  fa  the  same  way  as  Tables  II  and  III.  The  c<?rrectioh  for 
slopes  of  e**  and  less  is  too  small  to  be ''plotted  dn  •  the  customary 
scftlea  and  is  UfeuaHy  neglected.  I&  flat*  ot  <oi«lattfy  rolling  country 
the  correction  wiH  rarely  bft  necessaryi'  i      •. 
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39.  HorlsEohtal  dlstatoceB  foy  irradjcnt^  of  0^  to  30*  corr.espOi:\<|lr 
ing^  to  distances  on  thi?  slope :  \.,       r    .  ■       •     ^ 
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49240 

59088 

68036 

78785 

.88633 

12 

09781 

19563 

29344 

30126 

43907 

58689 

68470 

78252 

80033 

14 

09703 

19406 

29108 

.38812. 

48515 

68218 

.  67921 

77624 

87326 

16 

09fS13 

19225 

28838 t 

,38450 

48063 

,57676 

67288 

,  76901 

86M3 

18 

09510 

19021 

28532 

.  38042 

47553 

67063 

66674- 

76084 

85595 

20 

09307 

18794 

28191 

.  37588 

46985 

5a3Sl 

65778 

75175 

84572 

22' 

09272 

18544 

27815 

37087 

46359 

55631 

64903 

74175 

83446 

24, 

09135 

18271 

27406 

36542 
36252 

45677 

54813 

^948 

73084 

82219 

25| 

09063 

18126 

27189 

45315 

54378 

63441 

72505 

81568 

26 

08088 

17976 

26964 

35952 

44940 

539^ 

62015 

71903 

80891 

27 

08010 

17820 

^488 

35640 

^  44550 

534S0 

62370. 

71280 

80190 

28 

08829 

17659 
17492 

35318 

44147 

52977 

61806 

70636 

79465 

29 

08746 

26238 

34985 

43731 

52477 

61223 

69969 

78716 

30 

06660 

17320 

25081 

34641 

43301 

51961 

60622 

69282 

77942 

The  horizontal  distance  corresponding  to  anv  sloping  dlstaocer  and 
a#»y  angle  or  gradient  may  be  found  by  multiplying  the  sloping  dis- 
tance  by  the  cosine  of  the  angle,  Table  XIV. 

94346«— 17 ^3 
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40.  The  protractor  is  an  angular  scale  of  equal  parts  used  for 

{>Iottlng  azimuths.  That  adopted  for  reconnaissance  Is  the  rectangu- 
ar  form  (figs.  12  and  13).  It  Is  graduated  on  one  face,  which  will 
be  called  the  A  face  (fig.  12)  from  0*"  to  180 **»  and  on  the  other,  or 
B  face  (fig.  13)  from  ISC'*  to  860".  The  graduation  is  clockwise  on 
both  faces.  It  has  a  scale  of  inches  and  tenths  along  one  edge.  The 
protractor  may  be  used  as  ruler,  scale,  triangle,  and  parallel  ruler. 

To  plot  a  arlven  asliniitlft  from  a  ari'ven  polat,  draw  a 
meridian  through  the  point.  If  the  azimuth  is  less  than  180**,  lay 
the  protractor  down  A  face  up  with  the  center  at  the  point  and  the 
edge  on  the  meridian,  0**  to  the  north.  Make  a  pencil  dot  on  the 
paper  at  the  proper  graduation  on  the  edge  of  the  protractor.  Move 
the  protractor  so  that  one  of  its  edges  passes  through  the  two  points 
and  draw  a  line,  which  will  be  the  desired  azimuth. 

If  the  azimuth  is  more  than  180**,  lay  the  protractor  down  B  face 
up,  360**  to  the  north,  and  proceed  as  before.  The  moving  of  the 
protractor  after  setting  off  the  angle  and  before  drawing  the  line 
may  be  avoided  by  adding  a  coanter-cloelc'wiae  graduation  to 
the  protractor.  The  sum  of  the  two  graduations  at  any  point  will 
be  180**.  Place  the  center  of  the  protractor  and  the  given  azimuth, 
read  on  the  coanter-clockwi«e  graduation,  on  a  meridian,  and 
slide  the  protractor  up  or  down,  keeping  the  two  points  on  the 
meridian  until  one  of  the  long  edges  passes  through  the  given  point, 
when  the  azimuth  mav  be  drawn  along  that  edge. 

A  semicircular  protractor  is  shown  in  figure  14.  It  is  usually 
double  graduated,  in  opposite  directions  from  0**  to  180**.  With  this 
form  an  azimuth  may  be  laid  off  and  the  line  drawn  along  the  diam- 
eter without  moving  the  protractor.  Lay  the  protractor  down  with 
the  center  on  a  meridian.  If  the  azimuth  is  less  than  180**,  place 
its  number  of  degrees  on  the  counter»cloekwl»e  scale  on  the 
meridian  north  of  the  center  (fig.  15).  If  it  is  greater  than  180**, 
subtract  its  number  of  degrees  from  360  and  place  the  difference  on 
the  clockwise  scale  over  the  north  end  of  tne  meridian  (fig.  16). 
In  either  case  slide  the  protractor  up  or  down,  keeping  the  center 
and  the  graduation  on  the  meridian  until  the  diameter  passes 
through  the  point,  when  the  azimuth  may  be  drawn  along  the 
diameter  of  the  protractor.  Figure  17  shows  a  triangle  graduated 
for  use  as  a  protractor. 

41.  Improvtsed  protractor*. — If  a  rule  is  at  hand,  a  protrac- 
tor may  be  made  as  described  for  slope  board  in  paragraph  14  by 
ext€nding  the  1°  graduations  around  a  half  or  whole  circle.  If 
wltlftoat  compasaea,  measure  off  the  radius  on  a  piece  of  paper, 
stick  a  pin  through  one  extremity  for  a  center  and  a  fine  pencil  point 
through  the  other  extremity  and  sweep  the  circle. 

If  wltliout  a  ralcy  fold  a  piece  of  paper  carefully  through  the 
middle.  The  folded  edge  should  be  straight.  Place  the  ends  of  the  folded 
edge  toigether  and  fold  again.  The  two  edges  now  make  an  angle  of 
90^.  Fold  again  through  the  middle  and  the  angle  will  be  45"*. 
Now  fold  in  three  parts  and  the  angle  is  15".  Spread  the  paper  out 
flat  and  the  creases  will  represent  radii  of  15"  inte/vals.  Tnese  may 
be  divided  into  three  equal  parts  by  the  eye,  and  the  protractor  will 
then  read  to  5". 

The  hour  graduations  of  a  watch  are  80"  apart,  and  the  minutes  6". 

42.  Tlie  acale  of  a  map  is  the  ratio  between  dimensions  on  the 
map  and  the  corresponding  dimensions  on  the  ground.  If  the  lengths 
on  map  and  ground  were  expressed  in  the  same  unit,  the  scale  ratio 
would  always  be  expressed  by  the  number  of  ground  units  corre- 
sponding to  the  map  unit.  If  1  inch  (map)  corresponds  to  120,000 
inches  (ground),  the  ratio,  or  scale,  is  plainly  1  —  120,000,  or  as 
usually  described,  1  to  120,000.  This  fraction  is  called  the  repre- 
sentative fraction,  and  designated  K.  F.  But  ground  distances 
are  so  much  greater  than  map  distances  that  they  are  ordinarily  ex- 
-^ressed  In  a  larger  unit,  which  makes  the  scale  ratio  less  apparent. 

1  inch  (map)   equals  10,000  feet  (ground),  the  scale  is  still  1  to 
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120,000,  because  10,000  feet  equal  120,000  inches.  The  map  unit 
Is  almost  al\Tays  Indies,  tience  a  good  Tule  for  obtaining  the 
scale  ratio  is  to  reduce  the  given  number  of  ground  units  to  inches, 
which  will  indicate  the  ratio. 

Another  method  of  stating  scales,  much  employed  in  military  map 
makings  is  to  take  ratios  which  will  give  h*  U  ^*  3»  6,  12,  or  15  Inches 
on  the  map  to  1  mile  on  the  ground,  and  call  the  scales  i,  1,  2,  3,  6. 
12,  or  15  inches  to  the  mile.  Sueh  s^les  can  be  put  into  terms 
which  express  the  ratio  by  dividing  63.360,  the  number  of  inches  in 
1  mile,  by  the  number  of  Inches  given  in  the  scale.  Thus,  1  inch  to 
1  mile  equals  1  h-  63,360 ;  2  inches  to  1  mile  equals  1  -r  81,680 ;  3 
inches  to  1  mile  equals  1  -i-  21420,  etc. 

The  scale  ratio  is  true  for  all  viiita.  If  a  scale  ratio  is 
l-^9,600.  1  inch  (map)=»9,600'  inches  (ground)  ;  1  foot  (map)  = 
9,600  feet  (ground)  ;  1  meter  (map)  =9,600  meters   (ground),  etc. 

When  the  scale  of  a  map  is  changed,  as  by  reduction  or  enlarge- 
ment, the  B.  P.  changes  too,  and  hence  tne  ratio  should  not  be  given 
on  maps  which  are  to  be  reproduce.d.  A  linear  scale  ahoald  be 
draipvoL  on  every^  map.  This  will  be  enlarged  or  reduced  with 
the  map  and  will  always  be  true.  Such  a  scale  is  ^Iso  very  conven- 
ient for  taking  distances  from  the  map.  It  consists  of  a  straight- 
line  divided  into  equal  parts  which  are  numbered  with  reference  to 
the  relation  between  distances  on  the  ground  and  distances  on  the 
map.  The  numbers  relate  to  distances  on  the  ground  and  the  grad- 
uations, or  lengths  set  off  on  the  line,  relate  to  distances  on  the  map. 
A  distance  on  the  map  equal  to  that  from  the  zero  of  the  scale  to  any 
graduation  corresponds  to  the  tllstance  on  the  gronnd  represented 
bv  the  number  of  that  graduation.  Steales  are  designated  by"  the'  unit 
of  their  parts,  as  scales  of*  lOilffsv  .mettles  of  f eety  scales  of 
meters,  etc. 

A  scale  might  be  constructed  bv  drawin&r  a  scale  of  inches  on  the 
map  and  placing  opposite  the  divisions  the  numbers  expressing  the 
equivalent  ground  distances.  It  Is  customary,  however,  because  more 
convenient,  to  take  the  numbers  at  intervals  of  JO,  100,  or  1,000,  or 
multiples  of  them,  and  make  the  divisions  of  the  line  correspond.  A 
scale  should  be  divided  into  a  convenient  number  of  equal  parts 
called  primary  divisions.  The  zerd  Should  be  between  the  first 
and  second  primary  divisions,  counting  from  the  left.  The  primary 
divisions  are  numbered  from  the  zero  to  the  right.  The  primary 
division  on  the  left  of  the  zero  is  subdivided  into  smaller  parts, 
called  secondary  divisions,  and  these  are  numbered  from  the 
zero  to  the  left  The  secondary  are  usually  J  or  j^y  of  the  primary 
divisions.  .   -    - 

To  take  off  any  distance  from  such  a  scale,  put  one  leg  of  the 
dividers  on  the  primary  division  next  below  the  distance  sought,  and 
the  other  leg  on  the  secondary  division  corresponding  to  the  remain- 
ing figures. 

Figures  18  and  19  give  scales  for  the  usual  range  of  topographic 
maps,  which  may  be  taken  off  on  the  edge  of  a  strip  of  paper  and 
transferred  to  a  map.  Figure  20  gives  scales  for  plotting  distances 
measured  by  pacing  on  foot,  and  figure  21  for  those  by  pacing 
mounted.     ' 

Scales  may  be  constructed  on  strips  of  paper,  wood,  celluloid,  or 
metal  instead  of  on  the  map,  and  are  then  called  plotttngr  scales. 
The  scales  given  in  figures  18-21  are  plottiflg  scales.  A  distance 
may  be  taken  between  dividers  from  any  map  and  read  by  applying 
the  dividers  to  the  proper  one  of  these  scales. 

These  scales  are  not  engraved  and  can  not  be  relied  upon  within 
1  per  cent.  They  are  sufficiently  exact  for  reconnaissance  and,  lu 
fact,  for  most  topographical  drawing  and  scaling. 

43.  A  series  of  points  connected  by  azimuths  and  distances  l^ 
called  a  traverse^  and  the  operation  of  determining  the  asimuths 
and  distances  is   called  traversinar*     The  latter  term'  is   usually 
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extended  to  indtide  all  azimuths,  distances,  and  elevations  taken 
while  running  such  a  line. 

A  traverse  line  with  elevations  along  it  may  also  be  called  a  profile, 
and  when  the  traverse  is  run  for  the  exprrees  frarpose  of  taking  the 
elewitions,  the  operation  is  called  proflllns^  and  the  line  on  the 
ground  and  the  plot  of  tt  on  paper  are  called  proflles. 

Distances  in  topography  are  so  much  greater  than  elevations  that 
both  can  not  eonvenlently  be  represented  on  the  same  scale.  It  ^s 
usual  to  take  a  scale  for  elevations  called  the  -vertical  scale,  mvch 
larger  than  the  scale  of  distances,  or  horlsoiital  aeale^  The  ratio 
of  the  two*  scales  is  called  the  distortion  or  exassreration. 
Ten  or  twenty  fet»t  to  the  Inch  is  a  common  scale  for  elevations.  If 
the  horizontal  scale  ts  3  inches  to  the  mile,  the  resulting  distortions  are 
176  and  88  times.  Both  scales  should  always  be  written  below  every 
profile. 

Angles  on  a  distorted  profile  are  also  distorted,  and  gradients  can 
not  be  plotted  or  read  with  an  ordinary  protractor. 

Angles  can  be  plotted  or  read  on  a  profile  by  any .  of  the  otb^r 
methods  of  expressing  gradients,  paragraph  11  and  Table  I.  The 
horizontal  distance  is  plotted  to  the  horizontal  scale  and  the  corre- 
sponding vertical  distance  to  the  vertical  scale.  A  special  protractor 
may  be  made  for  any  given  distortion  and  nsed  to  plot  and  read 
angles  directly  on  a  profile  having  that  distortion.  To  make  such  a 
protractor,  lay  oft  a  distance  of  100  to  the  hbrtzontal'  scale.  At  one 
end  of  it  erect  a  perpendicular  and  lay  ott'  on  this,  from  the  inter- 
section, distances  corresponding  to  1**,  2",  3*,  etc.;  Tl%ble  I,  column  H, 
The.se  distances  must  be  laid  off  to  the  vertical  scale,  praw  lines 
through  the  points  on  the  perpendicular  anfl  the  other  end  of  the 
horizontal  line.  TJiese. lines  represent  the  angles  oil  the  profile 
corresponding  to  the  slopes  on  tbe  fi^roiind. 

44.  Fleld-W'ork.— ^Measurements  and  additional  notes  may  be '  re- 
corded and  afterwards  plotted  on  a  map  or  nla^  be  plotted  on  a 
map  as  taken  or  the  two  operations  may  be  c6ifil)lned,  as  circum- 
stances demand.     A  written  report  also  will  often  be  required. 

45.  A  road  sl^etch'coiislsts  of  a  map  gf  the  toad  with  ^  narrow 
belt  of  oountry  on  either  side.  '  If  roads,  parallel  and  intersecting, 
are  not  too  far  apart,  the  road  sketches  may  bo  Combined  into  a 
fairly  good  map  of  tlje  entire  area. 

The  road  Itself  will,  if  practicable,  be  traversed  with  the  degree 
of  precision  already  indicated  as  required  for  topographical  recon- 
naissance. If  the  couptry  is  open,  so  that  long"  8igh|5  are  possible,  a 
trained  observer  wjH  ,gct  better  work  by*. the  use  of  the  prismatic 
compass  and  clinometpr.  For  shorter  courses,  when  the  object  Is 
of  sufficient  importance  to  use  a  chain  for  distances,  the  prismatic 
compass  and  clinometer  should  also  be  used  and  the  readings  taken 
with  the  greatest  care. 

Usually,  however,  the  box  compass  will  be  used  for  azimuths  and 
the  slope  board  for  gradients,  or  else  the  sketching  board,  to  be  de- 
scribed later,  paragraph  55. 

Side  features  will,  if  important,  be  located  by  intersection ; 
otherwise  by  estimation.  A  convenient  method  Is  to  estimate  the 
distance  of  an  object  when  it  boars  at  right  angles  to  the  course  and 
plot  it  from  that  point.  In  such  case  the  azimuth  will  be  denoted 
by  B  or  L.  Thus  housb  SOO  R  would  mean  a  house  at  a  distance  of  300 
units  to  the  right  on  a  lin^  at  right  angles  to  the  course  through 
the  point  where  the  observation  was  taken. 

4o.  Traverslngr  'with  compass  and  notebook, — Rule  a  col- 
umn three-fourths  of  an  inch  wide  down  the  center  of  each  left-hand 
page  of  the  notebook.  Select  for  the  starting  point  some  object  or 
point  which  can  be  identified  by  description.  Standing  at  this  point 
Bight  with  the  compass  toward  some  object — tree,  stump,  telegraph  pole, 
or  stone — that  will  serve  as  the  second  station  of  tne  traverse  line. 
Note  the  reading  of  the  compass  and  record  It  in  the  center  column 
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ojf  the  notebook  at  the  bottom  of  the  first  left-hand  page,  maklne  also 
the  symbol  for  O  1.  Observe  and  record  also  the  azimuths  of  any 
other  objects  which  are  to  be  located  from  0  1.  All  the  obserratlons 
taken  at  this  station  are  wrltt^i  in  order  in  the  central  colomn  from 
the  bottom  upward  and  are  bracketed  together  with  the  station 
symbol.  The  name  of  each  object  is  written  on  the  same  horiaontal 
line  with  its  azimuth — on  the  right  side  of  the  page  if  on  the  right 
of  the  traverse  and  on  the  left  side  of  the  page  if  on  the  left  of  the 
traverse.  If  elevations  are  to  be  obtained,  observe  the  gradients 
from  O  1  to  the  several  objects  and  place  each  in  the  notebook  next 
to  the  corresponding  azimuth. 

Proceed  toward  O  2,  counting  paces.  Halt  when  necessary  to  sketch 
and  measure  offsets  to  objects  on  either  side  of  the  course,  to  take 
bearings  of  intersecting  roads,  paths,  streams,  etc.  When  a  halt  is 
made  a  mark  is  scored  on  the  ground,  the  distance  in  paces  from  the 
last  O  recorded  in  the  central  column,  and  the  desired  notes  made. 
Distances  along  the  main  line,  azimuths,  and  gradient  angles  only 
are  re^rded  in  the  central  column.  All  descriptive  matter  relative  to 
side  objects  is  placed  outside  of  that  column  on  the  side  corresponding 
to  that  where  the  objects  lie.  Return  to  the  scored  mark  and  resume 
the  pacing,  beginning  with  the  number  recorded  at  the  halt,  so  that 
the  total  count  of  paces  at  any  point  shall  be  the  number  taken  since 
leaving  the  last  0. 

The  center  colunm  of  the  page  is  taken  to  represent  the  line  actually 
paced  and  to  be  without  width,  so  that  offsets  in  the  side  sketches  are 
shown  measured  from  the  sides  of  the  column  and  not  from  its  center. 

On  reaching  the  second  0,  record  its  distance  from  0  1,  draw  a 
horizontal  line  across  the  page,  write  0  2  in  the  center  column  above 
the  line,  and  continue  as  before  to  0  3. 

It  is  well  at  0  2  to  take  a  back  azimuth  on  0  1.  This  should  difPer 
from  the  azimuth  of  0  2  from  0  1  by  exactly  ISO**.  A  marked  discrep- 
ancy indicates  error  in  observation  or  the  effect  of  local  attraction  on 
the  needle,  and  should  be  investigated  before  proceeding.  If  a  back 
azimuth  is  taken  it  should  be  the  first  observation  made  and  recorded. 

When  opportunity  offers,  take  bearings  on  distant  bends  of  the  road, 
spires,  towers,  hilltops,  tail  trees,  etc.,  and  enter  the  angles  in  the 
center  column  with  the  name  of  each  object  written  beside  its  bearings. 
Endeavor  to  get  bearings  of  the  same  distant  object  from  several  sta- 
tions or  from  two  stations  at  some  distance  apart.  These,  when 
plotted,  should  intersect  at  a  common  point  If  the  observed  bearings 
are  correct  and  the  compass  bas  not  suffered  local  disturbance.  It  is 
not  to  be  expected  In  work  of  this  grade  that  an  exact  intersection  of 
more  than  two  bearings  can  be  obtained  except  by  accident. 

When  a  sketcher  at  any  point  of  the  traverse  finds  himself  in  pro- 
longation of  a  line  that  defines  or  bounds  a  feature  of  the  country, 
such  as  a  fence,  the  edge  of  a  wood,  a  reach  of  shore  line  of  river  or 
lake,  a  gully,  canyon,  or  ridge,  a  face  of  a  building,  or  a  stretch  of 
road  or  railroad,  its  bearing  should  be  taken.  The  same  rule  should  be 
observed  when  Important  features  come  into  range  with  each  other 
from  a  point  on  the  traverse.  A  valuable  check  on  the  relatly^  positions 
of  such  features  Is  thus  obtained. 

If  a  traverse  line  is  interrupted  by  any  obstacle  that  interferes  with 
the  measurement  of  distance,  its  width  should  be  estimated  and  the 
pacing  resumed  on  the  other  side ;  or,  for  greater  exactness,  make  an 
offset,  perpendicular  to  the  traverse  line  ft  possible,  long  enough  to 
clear  the  obstacle,  continue  the  traverse  parallel  to  the  original  course, 
and  return  to  the  latter  after  passing  the  obstacle  by  a  second  offset 
naraUel  and  equal  to  the  first  and  in  the  opposite  direction ;  or,  locate 

•'ints  on  the  farther  side  by  intersections. 

17.  The  unit  of  measure  should  be  cl«axlr  stated  in  tlie 

item.     Ordinarily  distances  along  the  course  are  In   paces,  while 

ima^ted  offsets  may  be  in  paces,  feet,  yards,  or  fractions  of  a  mile, 
)  their  distances,  and  also  according  to  the  unit  in  which 
r  finds  he  can  make  the  closest  estimate. 
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On  the  usual  reconnaissance  scales  the  dimensions  of  buildings, 
width  of  roads,  bridges,  etc.,  can  not  be  plotted  to  scale.  They  are 
shown  exaggerated^  and  the  true  dimensions,  if  important,  must  be 
given  in  figures. 

4&  Tbe  best  metliod  of  plottlngr  is  to  plot  the  traverse  lines 
and  the  check  bearings  first.  Then  any  error  discovered  by  means  of 
the  latter,  or  by  closure  on  the  initial  or  other  known  point  can  be 
more  readily  corrected.  When  the  traverse  line  has  been  adjusted, 
the  details  on  either  side  are  plotted  in  and  do  not  bave  to  be  changed. 

TMe  outfit  desirable  for  the  method  of  traversing  with  compass 
and  notebook  is  the  following:  Notebook  or  sheets  of  paper  ruled  as 
described,  prismatic  or  pocket  compass,  pencil  of  medium  hardness, 
rubber  eraser,  pocket  knife,  25-foot  tape,  a  piece  of  twine  100  feet 
long.  The  absolute  necessities  are  the  paper,  the  compass,  pocket 
knife  or  pencil  sharpener,  and  rubber-tipped  pencil.  The  tape  measure 
is  to  be  used  for  making  small  measurements  of  distance  or  dimen- 
sions. The  cord  is  useful  for  measuring  depths  of  water,  heights  of 
structures,  etc.    It  should  be  graduated  to  yards  by  knots. 

49.  Tlae  topoflrrApltlc  field  notebook  is  designed  to  facilitate 
the  foregoing  method  of  traversing.  In  addition  to  the  central  column, 
it  has  columns  on  either  side  in  which  to  record  the  offset  distances, 
each  of  which  is  put  down  on  the  proper  side  of  the  central  column, 
avoiding  the  necessity  of  using  the  letters  B  and  L,  and  eliminating 
the  liability  of  mistakes  in  confusion  of  the  direction. 

The  opposite  right-hand  page  is  ruled  In  1-inch  squares,  and  has  a 
full-circle  protractor  graduated  to  degrees  printed  on  it.  This  page 
facilitates  a  hasty  plot  of  the  traverse  with  respect  to  which  many  de- 
tails can  be  sketched  in  more  clearly  and  certainly  than  they  could  be 
recorded  in  writing.  At  the  bottom  of  the  page  are  scales  of  tenths 
and  eighths  of  incnes.  The  alternate  pairs  of  pages  are  plain  ruled 
for  notes  and  memoranda.  Figures  22  and  23  show  the  arrangement 
and  illustrate  the  use  of  the  book  described. 

60.  TrAirerslBir  wltM  compass  and  drawlnar  board. — ^The 
observations  are  taken  as  in  traversing  with  a  notebook  and  compass, 
but  the  traverse  line  and  such  offsets  as  come  within  the  limits  of  the 
sketch  are  plotted  at  once ;  that  is,  the  map  is  drawn  as  the  observer 
proceeds  over  the  ground.  A  great  advantage  of  this  method  is  that 
any  large  error  in  measurement  is  likely  to  be  detected  by  the  eye,  as 
the  map  is  compared  with  the  ground,  and  errors  can  be  corrected  on 
the  spot.  The  plotting  scale  of  equal  parts  should  be  prepared  before- 
hand to  suit  the  scale  of  the  map.  If  this  scale  can  be  pasted  or 
drawn  on  the  edge  of  the  protractor  opposite  the  angular  graduation, 
it  is  a  convenience. 

The  sides  of  the  sheet  of  paper  should  be  letered  N,  E,  S,  and  W  to 
correspond  with  the  points  of  the  compass.  If  the  paper  is  ruled  or 
water-lined,  the  lines  are  taken  parallel  to  the  magnetic  meridian. 

Having  observed  the  azimuth  at  Q  1,  draw  through  the  point  desig- 
natinsT  that  station  a  line  having  the  observed  azimuth.  Azimuth 
lines  are  erased  finally  as  a  rule,  and  hence  should  be  lightly  drawn 
and  with  a  fairly  hard  pencil.  Prolong  this  line  in  the  direction  of 
O  2  far  enough  to  surely  reach  that  0.  If  other  azimuths  are  taken 
at  0  1,  plot  tnem  also,  and  note  on  each  the  object  to  which  it  bears. 
If  the  distance  to  the  object  is  estimated,  it  may  be  laid  off  on  the 
azimnth  and  the  position  of  the  object  plotted  at  once. 

Proceeding  toward  0  2  to  take  any  desired  side  shot,  halt  abreast 
of  the  object,  plot  the  distance  from  0  1  on  the  course,  estimate  the 
distance  to  the  object,  and  plot  It  in  at  that  distance  opposite  the 
point  plotted  on  tne  course  and  on  the  proper  side. 

Arrived  at  0  2,  lay  off  the  entire  distance  from  0  1,  and  plot  and 
mark  0  2.  Erase  the  azimuth  line  beyond  0  2;  take  and  plot  any 
other  desired  azimuths.  If  any  of  them  are  to  points  previously 
sighted  to,  make  the  intersections  and  plot  and  mark  the  points.  In 
plotting  azimuths  to  side  objects,  it  is  better  to  draw  only  a  short 
part  of  the  line  near  the  object  to  avoid  confusion  of  lines  on  th<^ 
sketch  and  especially  near  the  station. 
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51.  Tlae  follo^lngr  outfit  Is  desirable  for  travertsing  by  this 
method :  A  thin,  smooth  board  12  by  15  inches,  to  which  the  paper  is 
attached  by  thumbtacks  or  rubber  bands,  prismatic  or  pocket  com- 
pass, clinometer  or  slope  board,  a  rectangular  protractor,  a  plotting 
scale,  lead  pencil,  No.  3  or  4,  rubber  eraser,  25-foot  tape,  100  feet 
of  ttvine,  watch,  pocket  knife,  canvas  cover  for  board  and  paper,  note- 
book. A  field  glass  is  also  very  useful.  Good  work  can  be  done  with 
a  less  elaborate  outfit,  or  with  improvised  arrangements  for  some  of 
those  mentioned.    The  drawing  board  may  be  utilized  as  a  slope  board. 

52.  A  road  sketch  will  be  long  and  narrow,  and  two  or  more 
stretches  should  be  got  on  a  board  if  possible,  in  this  way  a  board 
of  the  size  indicated  will  hold  a  fair  day's  work.  When  a  section 
runs  off  the  paper  mark  it  with  a  letter,  as  A,  and  make  a  note,  Coii- 
tiniied  at  B.  Mark  the  beginning  of  the  next  section  B  and  write 
Continued  from  A. 

Wherever  else  a  road  runs  off  the  map,  make  a  marginal  note 

"  To , miles,"  giving  the  name  and  distance  of  nearest 

settlement  or  conspicuous  topographical  feature.     If  the  road  crosses 

one   parallel  to   the  main  route,   write  also   "  To  crossing,  

miles.*' 

53.  Traverslngr  'with  oriented  dra^rlnir  board. — A  drawing 
is  said  to  be  oriented  when  so  placed  that  its  true  meridian  is  parallel 
to  the  true  meridian  on  the  ground.  When  using  magnetic  azimuths, 
making  the  magnetic  meridians — ^inap  and  ground — ^parallel,  may  be 
accepted  as  a  proper  orientation.  Wnen  a  map  is  oriented,  with  any 
given  point  vertically  over  the  corresponding  point  on  the  ground,  a 
ruler  held  on  the  point  or  station  on  the  map,  and  pointed  in  the 
direction  of  any  object  gives  the  azimuth  of  that  object  on  the  map. 
No  angular  measurements  need  be  made.  A  compass  is  not  neces- 
sary, but  It  is  very  convenient  as  it  affords  the  quickest  means  of 
orienting  the  map. 

54.  To  run  a  traverse  by  this  method  assume  on  the  map 
the  initial  point  and  the  magnetic  meridian,  selecting  them  so  that 
the  general  direction  of  the  traverse  will  coincide  with  the  longest 
dimension  of  the  paper.  Place  the  board  over  the  first  station ;  lay 
the  compass  on  it  with  the  north-and-south  line  parallel  to  the 
assumed  meridian,  and  turn  the  board  until  the  needle  reads  north. 
The  board  is  then  oriented,  and  must  be  in  this  position  whenever 
a  sight  is  taken.  It  should  also  be  level,  as  nearly  as  can  be  deter- 
mined by  the  eye. 

Place  a  ruler  on  the  station  point  of  the  map  and  sight  It  in  the 
direction  of  any  object  which  it  is  desired  to  plot.  Draw  a  line 
along  the  edge  of  the  ruler  and  on  It  lay  off  to  the  adopted  scale  the 
distance  of  the  object  if  known  or  assumed.  When  all  the  desired 
azimuths  have  been  taken  from  the  station,  sight  the  ruler  to  the 
second  station  and  draw  its  azimuth,  and  then  proceed  to  that 
station,  pacing  the  distance.  Arrived  at  the  forward  station,  plot 
the  paced  distance,  orient  the  board  over  the  station,  and  proceed  as 
before.  If  any  of  the  objects  taken  at  the  first  station  can  be  seen 
from  the  second,  new  azimuths  mav  be  taken  to  them  which  will 
locate  them  by  intersection  (fig.  .24).  If  no  compass  Is  at  hand, 
orient  the  board  arbitrarily  at  the  first  station,  and  at  the  second 
station  orient  it  by  placing  the  ruler  on  the  line  between  the  two, 
and  sighting  back  to  the  station  Just  left.  EMgure  25  shows  the 
relative  positions  of  board  and  ground  at  four  successive  stations. 

55.  Traverslnsr  with  sketching  board. — The  sketching  board 
(small  planetable)  is  a  compact  device  for  traversing  by  the  oriented- 
map  method.  The  compass  is  set  into  the  board,  and  a  movable 
index  is  provided  which  can  be  revolved  to  place  it  parallel  to  the 
assumed  meridian  on  the  map.  When  the  needle  is*  brought  parallel 
to  the. wire  the  board  is  oriented.  The  needle  may  be  parallel  to  the 
index  wires,  but  end  for  end,  or  ISO**  out  of  its  true  position,  in 
n^hich  case  the  sketcher  la  turned  completely  around,     such  a  mls- 

ke  is  so  great  and  so  obvious  that  it  needs  no  preventive,  but   a 
tcher  may  note  at  the  outset  whether  the  N  or  8  end  of  the 


&BcoinrAZS8Jkjrcx. 


47 


Position  at  04 
Traversing  by  plane  table  and  ResectioD 
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needle  id  toward  the  stud~wbich  moves  the  wttes  and  keep  it  in  this 
position. 

56.  The  Engineer  Department  has  designed  a  standard  reconnais- 
sunce  equipment  (flgs.  26  and  27 )\  based  solely  upon  the  plane-table 
method.  All  forms  of  sketching  board,  with  ruler  attached  to  the 
board,  have  been  discarded.  The  design  and  plan  of  assigning  the 
eciuipment  to  the  several  arms  of  the  service  has  been  approved  by 
the  Secretary  of  War.    The  outfit  is  divided  into  equipment,  which  is 

Sormanent,  and' supplies,  which  are  expendable.     The  complete  out- 
t  is: 

EQUIPMENT. 

1  alidade^  1  holder,  timing  pad. 

1  board,  sketching.  1  pace  tally. 

1  chest,  sketching  outfit.  1  pencil  pocket. 

1  clinometer,  service,  with  case.  1  tripod,  wood,  folding. 

SUPPLIES. 

12  celluloid,  sheets.  6  pencils,  drawing,  H. 

2  erasers,  rubber.  2  pencils,  green. 
6  pads,  timing.  2  pencils,  red. 

72  paper,  sketching  board,  sheets.      2  protectors,  pencil  point. 
2  pencils,  blue.      .  2  tape,  adhesive,  rolls. 

The  approved  distribution  is  one  outfit,  as  listed  above,  to  each 
regimental  and  battalion  headquarters  of  infantry,  cavalry,  and  fleld 
artillery,  and  three  to  each  engineer  totjl  Wagon,  giving  six  per  com- 
pany or  three  per  mounted  company.  Headquarters  of  higher  engi- 
neer units  and  division  or  chief  engineers  not  attached  to  engineer 
units  receive  normally  three  such  outfits,  but  division  and  chief  en- 
gineers may  receive  a  larger  number  if  they  so  requisition. 

The  alidade  is  a  triangular  scale,  -10^  inches  long,  weighted  at  the 
ends,  is  conveniently  graduated  and  has  blank  spaces  for  pasting  on 
individual  scales  of  paces,  walk,  trot,  and  gallop. 

The  board  is  of  g-inch  white  pine,  with  end  pieces  to  present 
warping,  and  has  screws  over  slotted  washers  in  the  ends  to  permit 
of  expansion.  The  needle  is  3  inches  long  and  quite  sensitive.  At 
each  corner  of  the  board  is  a  substantial  clip  to  hold  the  paper  firmly 
in  place.  No  plumb  bob  is  provided,  but  a  hole  t»  accurately  bored 
so  that  a  plumb  bob  can  be  improvised  and  use  made  of  the  slope 
scale  on  the  board  in  case  the  clinometer  should  be  lost.  The  plate 
on  the  back  of  the  board  is  let  in  flush  so  that  the  board  can  b»* 
turned  freely  on  the  tripod  for  orientation  and  then  firmly  clampe<l 
by  a  slight  turn  of  the  tripod  screw.  As  the  tripod  is  not  used  in 
mounted  sketching,  holes  have  been  bored  at  the  corners  of  the  board 
for  the  insertion  of  a  carrying  cord  if  desired. 

The  tripod  is  of  wood  with  telescoping  legs,  which  fold  to  15  incheR 
or  extend  to  about  40  inches  and  detach  from  the  top  for  packing  in 
the  container.  The  top,  also  of  wood,  is  provided  with  a  heavy- 
thumbscrew  for  attaching  the  board,  and  is  covered  with  felt  to  grive 
a  Arm  bearing  without  sticking  or  binding. 

The  celluloid  sheets  are  for  use  Instead  of  sketching  paper  during 
rainy  weather. 
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57.  A  road  reconnalsaance  should  procure  datn  on  the 
follofvinar  subjects  t 

The  road. — Gradients,  especially  the  steepest ;  width  of  roadway  ; 
if  paved,  width,  kind,  and  condition  of  paving;  width  and  depth  of 
side  ditches,  and  whether  wet  or  dry ;  if  not  paved,  character  of 
soil;  sand,  day,  or  gravel ;  kind  of  fences  and  width  between  them. 
The  sketch  should  also  show  where  the  road  is  In  embankment  or 
cutting ;  where  wagons  can  not  double  or  pass,  and  where  foot  troops 
can  not  march  along  the  side  between  the  wagon  track  and  the 
fences 

Bridges. — ^Material  of  piers  and  abutments ;  type  and  material  of 
superstructure,  as  girder,  truss,  arch,  suspension,  wood,  steel,  stone, 
etc. ;  width  of  roadway,  and  clear  headroom ;  safe  load  (see  Bridges). 
Of  bridges  over  the  road,  clear  width  and  height;  over  streams,  the 
nearest  bridges  above  and  below  and  whatever  information  can  be 
obtained  about  them. 

The  country. — Character  of  cultivation  or  natural  vegetation ; 
areas  and  densi^  of  timber,  underbrush,  vines,  especially  poisonous 
ones ;  marshes  and  fords,  Mnds  of  fences,  nature  of  soil ;  general 
configuration  of  surface,  especially  high  hills,  long  ridges  or  valleys, 
bluffs  or  slopes  too  steep  to  scale, .  and  practicable  routes  to  their 
crests. 

Streams  crossed.^ — ^Name,  width,  depth,  and  surface  velocity  in 
swiftest  current;  velocity  noted  as  sluggish,  moderate,  quick,  or 
swift ;  elevation  of  high-water  marks  in  relation  to  the  road ;  which 
bank  is  the  higher  at  crossing  and  above  and  below,  and  how  much; 
accessibility  of  water  for  stock ;  fords  at  or  near  crossing ;  length, 
depth,  and  steepness  of  approaches;  levees  or  embankments,  height, 
and  thickness  on  top ;  if  navigable,  to  what  distance  above  and  below 
and  for  what  class  of  vessels — steamers,  flatboats,  rowboats. 

Towns  and  vUlasres  passed  through. — Name,  location  on  map, 
and  population.  Names  of  streets  to  be  traversed.  Material,  as 
stone,  brick,  frame,  log;  size,  1,  2,  3  stories,  and  distribution,  close 
or  scattered,  of  the  houses  in  those  streets;  gradients  of  Intersecting 
streets ;  location  of  railway  depots,  post,  telegraph,  and  telephone 
offices ;  of  drinking  fountains  and  watering  troughs ;  of  elevators, 
storehouses,  or  other  accumulations  of  food  or  forage ;  of  blacksmith, 
wagon,  and  machine  shops. 

I^hen  ordered  to  malce  a  complete  examination  of  a 
town '  or   village   note   besides   the   foregoing,   location   and   size   of 

Jtrlnclpal  buildings,  halls,  court  and  school  houses,  churches,  banks, 
ails,  and  their  ownership ;  sources,  maximum  quantity  and  distribu- 
tion of  water  supply ;  sanitary  conditions  ana  disposal  of  wastes ; 
location  of  railroads,  depots,  freight  houses,  sidings,  etc. ;  for  all 
roads  entering  from  the  surrounding  country  the  same  information 
as  scheduled  above  for  streets;  location  and  extent  of  open  spaces. 
and  of  large  substantial  buildings  standing  apart ;  location  and  extent 
of  blgb  ground  within  range,  especially  that  from  which  streets  can 
be  enfiladed.  ^,  .     ,         ^     ..    ^      .      .,. 

Railroads  crossed. — ^Name,  gauge,  single  or  double  track,  sidings 
and  loading  platforms  at  point  of  crossing;  crossing  at  grade,  over 
or  under;  distance  and  name  of  nearest  station  each  way;  direction 
and  distance  of  nearest  roundhouse,  shops,  etc. 

58.  River  reconnaissance. — Designate  the  banks  as  right  or 
left,  the  right  bank  being  that  on  the  right  hand  when  looking 
down  the  stream.  If,  when  standing  on  the  bank  facing  across  the 
stream,  the  current  flows  from  left  to  right,  the  observer  is  on  the 
rifflit  bank ;  if  from  right  to  left,  he  is  on  the  left  bank. 

if  the  stream  is  navigated,  pilots  and  residents  will  know  distances 
by  channel  between  landings  with  sufficient  accuracy  for  the  purposes 
of  a  field  reconnaissance.  In  making  a  traverse  along  the  banks  of 
the  liTer,  it  may  be  desirable  to  cross  from  one  side  to  the  other  to 
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»    -..     «^^    ,;r/«'     ^,,»<    .-r     .ti'w  r».     .,     r:       ^^rxa.     tie-    ist     taxi>s  ~iuQt 
;     .►•'*       '•,'    "  •    .»    ^•..^.--f    -T     r.rf.»r#t^; -.rr,     lis-  ar   •«rt-^^!llrt^    -Ytvia  "te 

*'*' 'rt    r''J'''    »    •♦•  '?♦''•    I''    '>^    •^*J>nltP^    rf   twiaMi^rTLr -^    ^^^^T^^I^    "an    i^ 
.'   '  v<      <  -i/^  '/ r.-s+    ^jv'f*"!!    tn    >r    M^r    miKa      *«1    and 

-'.«  ^-"•rM'**;/^    '»«-m      40^ur^r\   'if  titfft   ^ttut  .rtw  wnn^     v'f^-ii'^   -8e  antt 
',>•    >.>■.•/#   f  .<i   «»'.4..  "♦  '•.vMmwTift      V^a.Jt  7  tf  vin'r    mnaaac  anif  ftiziii 


iV"',.«Vr-. '  >  ./?  //^,**v«SMfV  ^f  •t:**'*  w^'>^i«  Jf^if^  th*  «x*r!:  poattioa  of 
f/<."^-;  <v^'f   ^   A   M>»-ir4  ^Yt   V.fft  hj^n»i«  %y  irh><i.  riupf  maj  !ie  found: 

r^fA/.^,  ^M*.' .  *{/1j^  f/r  ('•i»^^«;^y,  tf.-^^A  «V>-iM  n/it  be  motv  ttian  4  feet 
F^'N^f/f  f^<i»  f-ttymSti,  %^  1f-H  U^  lf.f»Mrj,  stnA  2  (tftt  4  inches  for 
iff  ft-  if./f  t^t^tfo  ihifUi-tf  ^.r*  n^t\,f^  «A  »pc.r/»rfw!!f  to  bridees  and 
r//Mf^.  ii\f\\h  M  fffnn^nv.  nUtpn^,  «//»,  HTe^rt  of  w^mtlicr  and  tTaAc. 
M'^/a  A-/fA'f*f|^  fM  /J#r#riae)Nfnf/  tit  fffi^g^  and  fords. 

I^fifhthm,  httniHt  mm4  *fth^r  m^Mm»  ot  ermmmlmm' — Position  of 
Ifniki  ■fiiifthhfUfn  $ufi  jffnrnfnMUif  fftr  horses  and  loaded  wagons: 
'»'^^-'  fmthif't.  nttfi  ti)inU  of  ^tffnfM:  method  of  propalslon ;  ^Ites  for 
hfUjhnj  hti(fi(rn  Of  ft*ttif''^'  /'tmrHHef  of  site  for  constmetion,  uso, 
Mofi  ntfhfttthj  iftn9Uo)if  of  U^nu^n  And  trJbutary  streams;  approaches 
Hui]  r^hifth  or  loutkA ,  ¥fUUU  of  rlvcf  snd  fnaximiim  surface  Telocity  of 
hut  [hill-  u  *ih*ntni  tor  Vtti  I'ottntrwilon  or  repair  of  boats,  bridges, 

fiH«i«flHlli<ffS'     t*^ni't^H  ttuUiiUn  for  Inundations  by  dsmmlng  or  ob- 

»Ii(mIM)«  m  U'tnow  hi\tUti  niino,  or  by  cutting  a  leree  or  dike.  Noto 
{|ilM>.i|  jh.tiJK  MM  uMMiMjl  )lntil(i  Id  tmlursl  or  artlflclal  inundations  and 
M)M  HMf»..«l  |mmU  III  f»il|M«r  liy  known  landmarks  when  the  road  Is 
HujiiMtMil  Sit  iiMi^ittih^  litutidMllon  2  fi'M  deep  on  level  ground  is 
ri  Hi-HnMrt  HltqjiU'li*  Mdluttn  fhu  I'oiulN  t\Tfi*  vfry  sound  and  marked  by 
hh»'''  l'H«|.i  I'll  liuni  v^ht1u  mo  mitrkiMl  a  dip  In  the  roadbed  of  3 
M(    \   I  >M(   iHMv    iMKiltM-  ni»i  iHmd  tntimHHAble,     A  railroad  bed  is  soon 

'Mt  |ii>|(M«Mu«UaiiMMM«  ur  M  riiMrofid.  -The  lln^.  Local  name  ; 
MMulMM  huhtU  iMul  «tUlHiu*«ti4  lH*tvvt'*»n  stiittouH  and  other  points ; 
ttM>«h»'.  »\\\*.\\\  \\\;  \\\\\\\\\k\  ti'hi'HJ  nuutttlon  of  roadlKHl.  ties,  and  rails: 
(l*MH»iU,»«  .M\\l  M.kUnhv  u\  itvtM'ttowM  v»r  wuiihouts:  faculties  for  repair; 
v*«H»lh«<*M  \\\  \U.U\  \,k\  \\,\\  t\iV  \\\m\A\\\\&  ti\Htp«  aUmff  the  line. 

» iM\M»  l?i  w»u|  liv(«iii%»«iv  NumlH^r  ami  location:  dimensions; 
hUs  \\<  \^\\\\\y^[  i\WA\\^  vvC  iW«t(\»>lu)£  Miut  rt^v^ilrlnjp:  of  blocklni^ 

iMwyi  *1*^^K.  Nv»mt^v  a>ut  nature  of  w»s:ln^>«  and  cars  arall- 
,  ^p>U\  uM  l^*»»*is»»u»»»i  ti\sMw  tvtw^w  iiWu  p<4bIs:  facilities 
vwUsusiu,    ^^mouM  utUu>»,  ^^x  x^vAiv  r5<iK  old  binlWia..  etc;  locm- 
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Stattoiui. — Name  and  location;  facilities  for  entrainlnisr  and  de- 
training troops  witli  wagons  and  horses;  platforms  on  throngh  Itne 
and  sidings ;  ramps ;  sldetraclcs,  number  and  capacity ;  turntables ; 
water  tanks;  fuel  supply ;  storage  facilities;  derricks  or  cranes; 
cross-overs  for  teams  and  pedestrians.     Facilities  at  liand  for  hos- 

Sitals,  camps,  depots ;  for  feeding  men,  heating  cofifee,  watering  horses 
uring  temporary  belts. 
Otlier  communications. — Telegraph  lines ;  number  and  location 
of  stations,  number  of  wires ;  connections ;  parallel  highways,  roads, 
riyers,  or  canals ;  means  of  access  from  same  to  railroad ;  junctions 
and  crossings  of  other  lines ;  relative  elevation ;  facilities  for  laying 
temporary  switches  and  sidings  at  stations  or  between  crossing  lines. 
Defenstbilttr* — Heights  commanding  line  of  road ;  defense  of 
stations ;  defense  of  road  and  telegraph  lines  against  raiding  parties ; 
structures  exposed  to  demolition ;  defense  and  attack  of  same ;  defiles 
and  river  crossings. 

60.  ReconnalsMince  of  a  ^wood  or  forest. — Note  all  roads 
and  paths,  and  all  hills, .  ravines,  and  streams  within  the  wood  or 
skirting  the  edges ;  kinds  of  trees,  density  and  growth ;  underbrush, 
prevalence  of  poisonous  shrubs  and  vines ;  marshy  or  large  open 
spaces ;  practicability  of  forming  new  roads  by  cutting ;  creation  of 
obstacles  by  felling  trees ;  if  there  are  no  roads  traverse  the  shortest 
practicable  path  between  the  point  of  entrance  and  point  of  exit,  and 
mark  bowlders  or  blaze  trees,  set  stakes,  or  otherwise  Indicate  this 
path,  and  also  give  compass  bearings  of  the  route  to  be  followed. 
Note  the  exterior  forms  of  the  woods,  whether  parts  of  the  edge 
flank  other  parts ;  connection  with  neighboring  pieces  of  wood  by 
scattered  trees  or  clearings ;  undulations  of  the  ground  that  would 
give  cover  to  attacking  force  or  to  defenders. 

61.  Reconnatssanee    of   monntains. — Note    the    number    and 

{>o8ltlons  of  paspiei  through  the  mountains,  of  roads  and  trails  lead- 
ng  to  these  passes.  th«r  condition,  practicability,  and  means  of 
rf'palr;  steepness  of  slopes  on  the  sides  of  roads:  means  of  con- 
structing additional  roads ;  watercourses,  their  direction,  nature,  and 
time  of  floods ;  means  of  crossing.  Note  ravines  and  open  glades  on 
mountain  sides,  lookout  points,  and  good  signal  atations ;  note  time 
and  duration  of  snowdrifts  on  roads  or  passes ;  depth  of  drifts  and 
possibility  of  removing  them  or  of  traveling  on  the  surface  of  the 
snow.     Note  extent  and  nature  of  forest  growth. 

62.  Reconnaissance  for  a  camp  or  ^winter  quarters' — 
Site. — Location,  elevation,  and  area;  sanitary  features,  such  as 
draina|;e»  dryness,  and  general  character  of  top  soil ;  proximity  of 
swampy  ground  or  stagnant  ponds. 

Commnnications. — Sufficiency  of  existing  roads  and  paths, 
maximum  grades,  probable  condition  under  heavy  traffic  and  In  bad 
weather,  location  and  kind  of  materials  available  for  Improvement 
or  repair,  railroad  or  water  communication  and  terminal  facilities 
of  same. 

'Water  and  fnel. — Location,  kind,  and  quantity  of  fuel  at  hand ; 
quality  and  quantity  of  water ;  facilities  for  filling  water  carts,  for 
watering  animals  and  for  washing  and  bathing:  nature  of  supply,  as 
wells,  springs,  running  streams,  and  Its  reliability. 

Slielter  and  conveniences. — Proximity  of  trees,  brush,  wood, 
hay,  and  straw  for  huts  and  bedding ;  of  markets ;  of  towns  and 
Till  Acres. 

Def  e'nsibility-. — Location  of  outposts  and  guards ;  location  and 
character  of  defensive  positions  In  or  near  the  camp ;  force  required 
to  hold  positions  which  may  command  the  camp. 

63.  Reconnaissance  of  a  position. — This  problem  usually  in- 
cludes the  selection  of  the  position,  and  is  therefore  tactical  as  well 
as  topographical.  Certain  relations  and  conditions  must  be  observed 
in  the  selection,  and  the  extent  and  degree  in  which  they  are  found 
must  be  clearly  shown  on  the  map  or  in  the  report. 

Tli«  lenflTtn  of  the  poslton,  or  itp  development  along  the  firln* 
line,  should  be  proportional  to  the  force  available  for  its  occupat^ 
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SIxact  rules  can  not  be  given,  but  6,000  infantry  per  mile  or  3  men 
pel-  yard  is  the  usual  ^estimate. 

The  flanks  must  be  secure.  Impassable  natural  features,  a 
river,  mountain,  or  stream  form  the  be^t  flank:  Lacking  these,  a 
wood,  a  deep  ravine,  a  cliff,  or  a  high  hill  will  serve.  Even  with 
these  features  absent  a  flank  may  be.  strengthened  by  the  construc- 
tion of  a  strong  earthwork,  but  the  general  rule  obtalins  that  natural 
weakness  of  the  flanks  must  be  made  up  by  a  greater  number  of  men, 
or  by  the  substitution  of  cavalry  for  Infantry  in  case  the  ground 
favors  the  movements  of  mounted  troops. 

If  the  flamks  are  naturally  strong:  the  line  should  be  with- 
drawn to  make  the  entire  position  reentrant;  if  the  llaAks  are 
naturally  ^reak  the  connecting  line  should  be  held  straight  or 
advanced  so  as  to  make  the  position  straight  or  salient. 

The  Aeptli  of  the  position,  or  its  extent  in.  rear  of  the  firing 
line,  should  afford  natural  cover  for  supports,  reserves,  and  trains, 
which  may  require  a  total  depth  of  800  to  2,400  yards,  but  a  short 
position  may  be  relatively  shallower  than  a  long  one.  Three  or  four 
parallel  ridges,  300  to  600  yards  apart,  with  the  intervening  ground 
practicable,  form  an  excellent  position.  If  the  first  ridge  is  somewhat 
higher  than  the  rest,  so  much  the  better.  Whatever  cover  there  may 
be  for  the  component  parts  of  the  force,  whether  natural  or  artificial, 
fences,  ditches,  trees,  etc^  should  be  shown  or  described.  If  digging 
is  necessary,  its  amount  and  the  character  of  .the  soil  should  be 
stated. 

StronflT  points  in  front  of  the  line,  which  may  be  occupied 
as  outposts,  should  be  shown. 

COnunpnieation  should  be  free  in  every  direction,  concealed 
80  far  as  possible  from  the  enemy's  view. 

ArtUlery  positions  are  required  when  that  arm  Is  represented 
In  the  occupying  force,  as  will  usuallv  be  the  case.  They  should 
permit  the  guns  to  sweep  all  ground  in  front  of  the  position  over 
which  the  enemy  can  advance  to  the  limit  of  effective  range.  Every 
point  in  front  of  the  position  and  within  range  which  commands  any 
part  of  it  is  an  element  of  weakness. 

Ranges  at  which  the  enemy  can  be  seen  and  reached  by  artillery 
fire ;  the  points  beyond  rifie  range  covered  by  such  fire  and  its 
relative  command  of  adverse  artillery  positions  should  be  shown  or 
described. 

If  possible,  similar  information  should  be  obtained  of  the  ground 
likely  to  be  occupied  by  the  enemy,  in  forming  for  attack  or  in 
taking  up  a  counter  position. 

64.  A  position  occupied  by  an  enemy  must  be  reconnoitered 
from  a  distance,  and  few  details  can  actually  be  seen.  Valuable  in- 
ferences may  be  drawn  by  remembering  that  the  enemy  has  probably 
chosen  his  position  in  accordance  with  the  principles  above  given. 

Especial  attention  should  be  given  to  the  flanks  and  the  feasibility 
of  turning  one  of  them. 

65.  A  position  sketch  will  usually  be  on  a  scale  of  6  inches  or 
12  inches  to  the  mile.     It  will  be  found  most  convenient '  and   ex- 

? editions  to  make  it  by  the  compass  and  drawing-board  method 
par.  50)  or  the  method  with  oriented  board  alone  (par.  54).  The 
traverse  will  include  the  fewest  points  from  which  the  entire  area 
can  be  seen,  often  only  two,  and  all  other  features  will  be  located 
b^  intersections  from  these  points.  Elevations  may  be  taken  by 
slope  board  or  clinometer,  the  height  of  the  first  point  occupied  being 
arbitrarily  assumed  if  not  known. 

If  two  points  can  be  found  which  overlook  the  area  is  front  of 
them  and  which  are  also  visible  from  each  other,  the  con&pass  nuty 
be  dispensed  ^with  except  for  a  meridian.  Measure  the  distance 
between  the  two  points.  Assume  the  position  of  one  of  the  points 
and  9t  the  line  Joining  them,  so  as  to  bi-ing  the  desired  area  on  the 
paper.  From  the  first  point  lay  off  on  the  line  the  distance  between 
the  two  points  to  the  adopted  scale  and  plot  the  second  point.     The 
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line  joining  tbe  two  Is  called  the  1>ase,  and  will  be  near  one  edge 
of  the  board  if  all  the  area  to  be  mapped  is  on  one  side  of  the  line 
or  toward  the  middle  if  it  is  on  both  sides. 

Place  the  board  over  the  first  point;  lay  the  ruler  along  the  base 
and  turn  the  board  until  the  ruler  points  to  the  second  point.  Keep 
the  board  in  this  position  and  point  the  ruler  successiyely  to  the 
objects  to  be  located,  drawing  the  lines  as  explained  in  paragraph  64. 
Gradients  are  written  along  the  corresponding  azimuths.  One 
gradient  should  be  taken  to  each  point  determined. 

Proceed  to  the  second  point.     Lay  the  ruler  along  the  base  and 

{>oint  It  to  the  first  point.     Point  the  ruler  to  the  objects  to  be 
ocated,  marking  where  it  crosses  the  line  to  the  same  object  drawn 
from  the  first  point. 

66.  ContourinflT  Is  a  method  of  exhibiting  relief  of  ground  by 
means  of  lines  so  drawn  on  a  map  as  to  indicate  points  of  equal 
elevation.  The  lines  so  drawn  on  a  map  and  the  corresponding  lines 
on  the  ground  are  called  contours.  The  word  contouring  is  applied 
to  the  fieldwork  directed  especially  to  obtaining  data  for  drawing 
contours. 

The  ditference  of  elevation  of  points  in  adjacent  contours  is  called 
the  contour  Interval,  and  Is  usually  constant  for  all  the 'contours 
on  the  same  map.  The  horizontal  distance  between  contours,  meas- 
ured In  a  radial  direction  with  reference  to  the  curvature  of  the 
contours  will  be  referred  to  as  contour  distance. 

The  theory  of  contouring  is  that  no  inadmissible  error  will  be 
made  by  supposing  the  slope  of  the  ground  from  a  point  in  one 
contour  to  the  corresponding  point  in  tne  next,  or  along  the  contour 
distance,  to  be  a  straight  line.  The  less  tbe  contour  Interval,  the 
less  error  will  be  made.  If  in  figure  28  the  curved  line  AB  represents 
the  actual  surface  of  the  ground,  and  points  1,  3,  5,  the  elevation 
of  successive  contours,  the  broken  line  1,  8, .  5,  will  represent  the 
assumed  ground  surface,  and  its  departure  from  the  line  AB  is  the 
error  Introduced.  If  now  the  points  2,  4,  and  6  are  also  determined, 
or  the  contour  intervals  be  reduced  one-half,  the  assumed  slope  is  1, 
2,  3,  4,  5,  6,  which  differs  less  from  the  line  AB  than  the  line  1,  3,  5, 
and  hence  Introduces  less  error.  With  points  determined  at  very 
short  Intervals  the  error  is  practically  eliminated. 

If  contour  distances  decrease  with  elcT^atton,.  or  the  contours 
become  closer  as  they  go  higher,  the  slope  is  conca^^e,  and  points 
between  contours  are  lower  than  the  straight  line  joining  correspond- 
ing contour  points.  If  the  contours  become  closer  as  the  ground  falls, 
the  ground  Is  convex,  or  lies  above  the  straight  line  joining  cor- 
responding contour  points.  A  point  of  inflection,  or  change  from 
convex  to  concave,  is  at  the  point  where  the  contour  distance  is  less 
or  greater  than  those  on  either  side  of  it.  Bqnal  contour  distances 
correspond  to  uniform  slope. 

67.  One  contour  does  not  necessarily  join  all  the  points  of  the  same 
elevation  on  the  map  but  only  those  which  have  a  continuous  series 
of  points  of  the  same  elevation  joining  them.  It  may  require  several 
contours  to  take  in  all  the  points  of  a  given  elevation  on  the  map. 
Parts  of  the  same  contour  will  appear  a^  separate  when  the  ground 
over  which  they  could  be  connected  Is  not  on  the  map.  The  selection 
of  tbe  points  to  connect  in  one  contour  Is  the  difficult  part  of  the 
process  and  can  not  be  done  correctly  without  thorough  knowledge 
of  the  principles  of  the  method  and  a  good  idea  of  the  general  shape 
of  the  ground  to  be  contoured.  In  military  reconnaissance  only 
enotigli  elevations  can  usually  be  taken  in  the  field  to  guide  one 
who  has  seen  and  studied  the  ground  in  drawing  the  contours.  No 
one  who  has  not  seen  and  studied  the  ground  should  be  expected  or 
permitted  to  draw  contours  from  such  data.  Brroneous  information 
may  be  worse  than  none  at  all. 

eS.  For  equal  contour  Intervals  the  map  contours  are  closer  to- 
gether as  the  slope  is  steeper.  It  follows  that  for  steep  slopes  the 
map  contours  will  approach  each  other  very  closely,  and  for  a  ver- 
tical wall  or  cliff  they  will  coincide. 
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Ground  contours  can  not  cross,  but  map  contours  may  cross  In  the 
very  unusual  case  of  a  cave  or  a  bluff  overhanging  by  an  amount 
which  can  be  shown  on  the  horizontal  scale.  Thiis  is  so  rare  that  it 
is  usual  to  say  that  map  contours  can  not  cross. 

Every  contour  must  close  upon  itself  in  a  loop  or  else  must  extend 
unbroken  from  one  point  on  the  margin  on  the  map  to  some  other 
point  on  the  margin.  An  exception  is  made  in  the  case  of  large 
streams,  the  contour  on  each  bank  being  carried  upstream  until  it 
cuts  the  water  surface  when  it  Is  dropped.  The  two  ends  must  be 
directly  opposite  (fig.  29).  In  a  small  stream  or  dry  bed»  the  contour 
crosses  at  the  point  where  the  elevation  of  the  bed  is  that  of  the 
contour  (fig.  30). 

Maximuin  ridge  and  mlnimiiin  valley  contours  go  in  pairs.  A 
single  lower  contour  can  not  He  between  two  higher  ones,  or  a  single 
higher  between  two  lower.  When  two  adjacent  contours  have  the 
same  elcT-atlon,  the  ground  between  them  will  be  still  lo-wer  if 
they  are  valley,  or  still  higrher  if  ridge  contours. 

69.  Contours  are  designated  by  their  heights  above  a  datum  plane. 
The  height  is  expressed  in  feet,  except  when  the  metric  scale  is  used, 
when  contour  intervals  are  in  meters. 

The  elevation  of  each  contour  should  be  shown  in  figures  at  points 
close  enough  together  to  allow  the  eye  to  run  from  one  to  the  other 
with  ease.  It  is  best  to  break  the  contours  and  write  the  numbers 
between  the  ends.'  If  written  alongside,  the  numbers  should  always 
be  on  the  higher  side  of  the  contour  (figs.  31  and  32). 

70.  Straight  contours  are  very  rare.  They  may  be  determined  by 
locating  any  two  points,  or  by  locating  one  point  and  observing  the 
azimuth  of  the  line. 

Simple  curved  contours  are  more  frequent  than  straight  ones,  but  are 
not  often  found  of  any  considerable  length.  They  mav  be  determined 
by  fixing  3  points ;  or  by  2  points  with  the  radius  estimated ;  or  by  1 
point  with  the  cehter  assumed. 

The  typical  centenr  is  a  wavy  line,  alternately  salient  and 
reentrant,  and  may  be  determined  with  the  precision  needful  for  hasty 
reconnaissance  by  fixing  the  extreme  points  of  the  convex  and  concave 
portions. 

71.  Looking  at  contours  froM  the  higher  side,  the  salient  parts,  or 
those  concave  to  the  observer,  correspond  to  the  ridges,  and  the  re- 
entrant parts,  or  those  convex  to  the  observer,  to  the  valleys.  The 
valleys  are  also  lines  of  drainage.  Hence,  half  of  the  points  necessary 
to  determine  a  wavy  contour  will  lie  on  drainage  lines,  as  indicated  by 
rivers,  creeks,  brooks,  and  rivulets,  and  by  ravines,  or  other  depres- 
sions dry  at  most  seasons. 

The  slope  of  a  drainage  line  grows  less  in  the  direction  of  flow. 
Tributaries,  or  branches,  are  usually  steeper  than  the  main  stream  at 
their  Junction,  and  also  increase  in  slope  toward  their  sources.  Gen- 
erally, in  a  limited  area,  the  sources  will  be  at  nearly  the  same  ele- 
▼ation.  To  apply  this  principle  in  increasing  the  amount  of  topo- 
graphical relief  that  may  legitimately  be  drawn  from  a  given  number 
of  known  elevations,  let  figure  33  represent  the  drainage  lines  of  an 
area  taken  from  a  civil  map.  Suppose  the  ground  to  have  been  studied 
and  elevations  to  have  been  determined  at  2  points,  A  and  B,  How 
mucli  topography  can  be  drawn? 

The  110-foot  contour  will  be  above  the  105-foot  and  by  a  distance 
somewhat  less  than  the  length  AB,  because  the  slope  becomes  steeper 
and  the  contour  distance  less  in  going  upstream.  The  succeeding  con- 
tours at  10-foot  intervals  will  cross  the  tributary  at  gradually  decreas- 
ing distances,  as  Indicated,  and  for  the  same  reason.  The  source  is 
found  to  be  about  130  feet.  Take  the  other  sources  to  be  also  130  feet 
and  draw  the  contour  at  that  level,  remembering  that  it  is  concave 
where  it  crosses  the  streams,  and  that  the  part  between  the  streams  is 
convex  and  advanced.  Lay  off  the  contour  points  on  the  other  stream 
lines,  keeping  in  mind  the  law  of  slopes,  and  draw  the  other  contours, 
following  the  same  rule  as  for  the  first. 
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72.  If  enongh  eleyations  were  taken  on  stream  lines  the  concave 
parts  of  tbe  contours  would  be  fairly  well  determined,  but  the  convex 
points  would  still  be  in  part  uncertain.  It  is  known  that  they  are 
convex  and  salient,  but  not  how  much.  This  information  is  supplied 
by  elevations  taken  alone  the  ridges,  crests,  or  divides  which  lie  be- 
tween adjacent  drainage  lines.  The  typical  profile  of  a  crest  is  a  re- 
versed curve,  flat  and  convex  between  tne  sources  of  streams,  flat  and 
concave  near  the  junctions  of  streams,  and  steepest  in  the  middle,  with 
the  inflection  at  the  steepest  point.  The  form  of  crests  is  not  so  regu- 
lar as  that  of  vallevs,  and  less  use  can  be  made  of  it.  It  should  oe 
kept  in  mind  as  a  basis  of  comparison,  so  that  actual  forms  can  be 
more  readily  remembered. 

73.  Tke  Held  'work  of  coatonriasr  an  area  which  has  a  suffi- 
cient relief  to  exhibit  drainage  lines  clearly  may  begin  by  traversing 
these  lines  with  gradients  taken  by  clinometer  or  slope  board.  It  u 
most  convenient  to  begin  where  collected  drainage  leaves  the  area  to 
be  mapped  and  follow  each  valley  to  its  source. 

If  the  valley  is  open  and  the  flanks  of  the  ridges  on  each  side  can  be 
seen,  time  may  be  saved  by  taking  level  sights  from  some  of  the  con- 
tour points  on  the  drainage  line  to  points  on  the  ridges  ieis  far  ad- 
vanced as  possible,  usually  where  the  line  of  sight  is  tangent  to  the 
hill.  This  gives  two  points,  a  a  (flg.  33)  near  the  apex  of  the  salient 
from  which  the  contour  may  be  drawn  often  as  well  as  by  a  point  at 
the  apex.  If  this  can  be  generally  done  it  may  not  be  necessary  to  run 
out  the  ridges.  Notes  should  be  made  of  the  apparent  sh^pe  of  the 
contours  near  the  drainage  line,  whether  sharp  or  blunt,  or  whether 
the  vallev  Is  narrow  or  wide.  The  general  shape  of  the  sky  line  of  the 
ridge  or  its  projection  against  higher  ground  should  be  noted  whenever 
a  lateral  view  of  it  can  be  had. 

If  hill  points  can  not  be  taken  from  the  valley  traverse  the  ridge 
lines  must  be  run  out.  They  must  be  connected  in  plan  (distance  and 
azimuth)  and  in  elevation  with  the  drainage  lines.  When  drainage 
and  ridge  lines  are  plotted  on  the  map  the  contour  points,  if  not  actu- 
ally observed,  may  be  interpolated  and  the  contours  drawn. 

The  symmetry  of  adjacent  contours  is  obvious  from  the  Inspection 
of  any  contoured  map,  and  this  relation  may  be  utilized  where  one 
contour  bas  been  well  determined,  to  draw  the  one  on  either  side  of  it 
from  a  very  few  points,  often  but  one.  If  the  contours  are  wavy  they 
will  generally  be  a  little  farther  apart  at  the  conca^ie  and  convex 
points  than  at  the  reversion  points  between  them.  If  the  contours  are 
not  wavv  they  are  generally  parallel. 

74.  If  the  relief  of  the  ground  Is  so  sllffht  that  the  drainage 
and  ridge  lines  are  uncertain  the  field  work  of  contouring  is  best 
done  by  taking  elevations  at  points  arbitrarily  selectc^d.  Such  points 
will  usually  be  in  straight  lines  running  in  the  general  direction 
of  the  steepest  slope.  The  points  are  plotted  on  the  map,  the  cor- 
responding elevations  written  near  them,  and  the  contours  are 
Interpolated  as  indicated  In  figure  34.  assuming  that  the  surface  of 
the  ground  between  observed  points  is  a  straight  line.  The  closer 
the  points  are  together  the  less  error  is  Involved  in  this  assumption. 

If  the  country  is  comparatively  flat  and  unbroken,  profiles  may 
be  run  along  roads  and  paths  and  contours  sketched  in  on  each 
side  so  far  as  they  can  be  seen.  Then  by  going  over  the  intervening 
ground  and  observing  its  shape,  the  portions  drawn  can  be  Joined  with 
the  eye  with  sufficient  accuracy. 

In  towns  and  villages  profiles  along  intersecting  streets  and  the 
study  of  the  intervening  space  furnish  data  for  approximate  con- 
tours 

75.  Slope  e^niTaienta. — ^^A.ctual  distances  between  contours  on  a 
map  depend  on  the  contour  interval,  the  scale  of  the  map,  and  the 
gradient.  For  any  given  map  the  contour  interval  and  scale  are 
constant,  and  the  distances  between  contours  depend  on  the  slope 
alone.  On  any  map  with  contours  at  equal  interrals  each  gradient 
has  its  corresponding  contour  distance,  which  is  called  Its  eaaiva- 
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mounted  can  cover  15  miles  a  day  steadily,  or  in  an  emergency  20 
or  25,  and  can  keep  np  with  Infantry  on  a  forced  march  or  with  cav- 
aln^  marching  at  ordinary  rate. 

The  reconnaissance  for  a  column  should  include  besides  the  road 
traveled  the  nearest  parallel  road  on  each  side  and  all  connecting 
roads  *  between  them.  Each  mile  traversed  by  the  column  on  the 
main  road  will  thus  involve  2}  to  5  miles  of  sketching. 

If  a  reconnaissance  is  to  be  made  when  a  force  is  not  in  motion, 
the  area  to  be  covered  will  usually  be  so  large  and  the  time  allowed 
so  short  as  to  make  it  necessary  to  combine  the  work  of  a  number 
of  sketchers. 

78.  If  any  map  la  available,  the  area  to  be  reconnoitered  should 
be  outlined  on  it  and  subdivided  into  as  many  parts  as  there  are 
sketchers,  the  parts  to  be  made  equaJU  not  in  size  necessarily,  but  in 
amount  of  work  and  time  required,  the  important  point  bdng  that 
all  the  parts  shall  be  finished  at  the  same  hour. 

Each  of  these  parts  is  assigned  to  a  sketcher,  with  full  instruc- 
tions as  to  the  amount  and  class  of  work  to  be  done,  the  scale  to  be 
used — which  should  be  the  same  for  all — and  the  place  and  hour  at 
which  the  sketch  must  be  turned  in.  If  practicable,  each  sketcher 
should  be  given  a  tracing  or  copy  of  enough  of  the  map  to  show  the 
boundaries  of  his  own  task  and  the  adjacent  features  of  those  next 
to  his. 

If  there  is  no  map,  the  area  may  be  indicated  by  landmarks,  hut 
it  will  be  usually  necessary,  and  always  desirable,  to  go  over  the 
ground  and  point  out  his  task  to  each  sketcher.  When  boundaries 
are  definite  there  need  be  very  little  overlapping.  The  amount  of 
reduplication  must  increase  as  boundaries  become  more  vague. 

79.  The  area  to  be  mapped  may  be  divided  np  in  any  conyenlent 
way,  but  it  is  best  to  use  roads,  fences,  streams,  or  other  well-defined 
lines  as  much  as  possible.  Lacking  these,  compass  courses  passing 
through  weU-deflned  points  will  answer. 

In  a  road  sketch  one  man  should  be  assigned  to  the  main  road  or 
that  on  which  the  column  is  marching.  Others  will  be  assigned  to 
such  parallel  and  intersecting  roads  as  it  may  be  necessary  to  map. 
So  far  as  practicable,  side  parties  should  leave  the  main  road  by  an 
intersecting  road,  traverse  a  short  stretch  of  parallel  road,  and 
return  to  the  main  road  by  another  cross  road. 

80.  Compilation — The  sketches  when  turned  In  are  consolidated, 
usually  by  pasting  them  in  their  proper  relative  positions  on  a  large 
sheet  of  paper,  or  else  by  pasting  them  together  at  their  edges  bo 
that  corresponding  features  will  Join.  If  one  of  them  does  not  ex- 
actly fit,  as  will  often  happen,  the  adjustment  is  best  made  by  cut- 
ting the  Bketch  into  two  or  more  pieces  and  moving  them  with  respect 
to  each  other  so  as  to  absorb  the  discrepancy.  Thus,  If  a  piece  of 
road  is  half  an  inch  too  short,  cut  it  at  tnree  or  four  places  on  lines 
perpendicular  to  the  road  and  separate  the  pieces  by  a  sixth  or 
eighth  of  an  inch.  If  too  long,  overlap  the  pieces  instead  of  sepa- 
rating them.  If  a  road  or  other  feature  Is  out  of  azimuth,  make  a 
cut  through  one  of  its  ends  and  swing  it  into  place.  These  opera* 
tions  may  be  combined.  The  adjustment  is  rapid  and  sufBciently 
exact.  If  a  sketch  is  too  much  out -to  be  adjusted  by  this  process, 
it  will  usually  be  of  little  value  and  time  will  be  saved  by  leaving 
it  out  of  the  compilation  and  filling  in  the  gap  free-hand,  using  the 
sketch  as  a  guide. 

Figure  88  illustrates  this  method  of  adjustment. 

81.  Reproduction. — As  many  copies  of  the  map  will  be  made  as 
circumstances  may  require.  The  first  step  is  to  divide  the  map  into 
ao/^Hons  of  convenient  and  usually  equal  size,  and  make  a  tracing  of 

The  size  of  the  sections  will  usually  be  determined  by  the 

.  of  reproduction  to  be  used  and  the  size  of  the  apparatus  at 

Time  will  be  saved  if  there  are  not  more  sections  than  there 

I  available  to  trace,  supposing  that  all  the  tracers  are  of  ap- 

^"^v  the  same  speed.    Ii  one  of  them  can  woric  two  or  three 
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times  as  fast  as  the  average,  two  or  more  sections  should  be  re- 
served for  him,  the  idea  being  that  the  work  will  be  done  in  the 
shortest  time  if  so  arranged  that  all  finish  at  once. 

With  fairly  expert  sketchers,  it  will  be  possible  to  have  each  ink 
his  work  before  turning  it  in.  A  useful  expedient  in  case  of  great 
haste  is  to  make  the  sketches  themselves  transparent  by  oiling  and 
fasten  them  together  for  use  instead  of  a  tracing. 

82.  The  tracing  made,  further  processes  depend  upon  the  time 
available  and  whether  the  work  can  be  done  in  daylight  or  must  be 
done  at  night. 

Of  processes  requiring  sunlight,  the  most  reliable,  simplest,  and 
quickest  is  the  blue-print  process. 

The  prepared  paper  may  be  purchased  in  rolls  of  10  or  50  yards. 
It  should  be  put  up  in  tin  foil  and  each  6  or  8  rolls  should  be  in  a 
sealed  tin  case ;  it  will  then  keep  in  good  condition  for  a  long  time. 
If  necessary  to  sensitize  the  paper  in  the  field  the  following  solu- 
tions must  be  prepared : 

Ounces. 

Stock  solution  A  ^^^^f  ^^  *r<>^  »°^  ammonia.-- 2 

Stock  solution  B  {wl^tlT-^^  i 

For  use  mix  4  parts  of  A  with  3  parts  of  B. 

Unprepared  paper  may  be  purchased  in  50-yard  rolls.  To  sensitize 
the  paper  a  sheet  of  the  desired  siae  16  cut  from  the  roll  and  placed 
on  a  flat  surface ;  the  mixed  solution  is  applied  with  a  sponge  to 
the  upper  surface  in  a  smooth,  even  coat,  care  being  taken  not  to 
wet  through  to  the  back  of  the  paper.  The  sheet  is  hung  up  In  a 
dark  room  until  dry,  when  it  is  ready  for  use.  Only  enough  paper 
for  a  day's  use  is  sensitized  at  one  time,  for  it  does  not  keep  well. 

The  exposure  takes  from  four  to  eight  minutes  In  bright  sunlight, 
varying  with  the  intensity  of  the  light  and  the  transparency  of  the 
tracing.  Under  other  conditions  than  sunlight  a  much  longer  ex- 
posure is  required ;  sometimes  an  hour  or  more.  Care  must  be  taken 
that  ;the  paper  is  not  taken  from  the  frame  before  it  has  been  suffi- 
ciently exposed.  When  the  margin  protruding  from  under  the  trac- 
ing has  a  greenish-bronze  color,  open  one  part  of  the  back  of  the 
frame  and  observe  the  print.  The  lines  should  stand  out  sharp  and 
distinct  on  a  gray  background.     Take  the  print  from  the  frame  and 

glace  it  in  a  tray  containing  water  sufficient  to  fully  cover  the  print. 
;inse  it  until  the  lines  stand  out  in  clear  white,  then  hang  up  to 
dry.  It  is  to  be  remembered  that  the  fresher  the  paper  is  the  slower 
it  will  print  and  the  <iuicker  it  will  wash  out ;  the  older  the  paper  is 
the  quicker  it  will  print  but  the  slower  it  will  wash. 

Additions  and  alterations  may  be  made  to  blue  prints  with  a  10 
per  cent  solution  of  oxalate  of  potash  used  as  an  ink.  If  it  shows  a 
tendency  to  run,  add  a  very  little  mucilage.  Common  soda  may  be 
used,  but  the  lines  have  a  yellowish  cast  Instead  of  the  pure  white 
which  the  potash  gives.  Additions  and  alterations  of  a  drawing  are 
conveniently  made  by  inking  the  lines  of  a  blue  print  with  water- 
proof liquid  India  ink  and  removing  all  the  blue  color  by  the  potash 
or  soda  solutions.  The  black  lines  then  remain  on  a  white  ground. 
Tbey  take  well  in  photographing,  and  by  treating  the  paper  witb 
oil,  it  becomes  tran.sparent  enough  for  contact  printing,  being  used  in 
place  of  a  tracing  and  in  the  same  way. 

Brown  prints. — Next  in  point  of  simplicity  for  daylight  use  is 
the  brcwn-print  process.  It  is  in  many  respects  the  most  satis- 
factory of  the  copying  processes.  The  paper  is  pnrckasecl  pre- 
pared. 

After  exposure  for  about  two  minutes  in  bright  sunlight  the  margin 

protruding   from    under    the    tracing   turns    from    its   original    light 

%llow  to  a  reddish-brown  color.     The  print  is  then  taken  from  tbe 

\me,    immersed   in   water,    and   thoroughly   rinsed   on   both    sides, 

en  the  lines  come  out  in  perfect  white  on  a  sepia-brown  ground. 
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It  is  then  immersed  In  a  fixing  bath  made  from  the  salt  which  ac- 
companies each  roll  of  the  paper  (2  ounces  of  fixing  salt  to  1  gallon 
of  water)  ;  this  makes  the  print  permanent  and  also  darkens  the 
sepia-brown  color,  the  lines  remaining  white.  After  fixing  the  print 
most  be  thoroughly  washed  for  20  to  30  minutes  and  then  hung  up 
to  dry. 

The  brown  color  being  impervious  to  light  makes  this  paper  very 
valuable  for  negatives  wnich  may  be  used  to  produce  positive  copies, 
either  with  the  blue  or  brown  print  papers,  yielding  an  exact  repro- 
duction of  the  original  in  either  blue  or  brown  lines  on  a  white 
background.  In  making  the  positive  priots  from  the  brown-paper 
negatives  the  time  of  exposure  is  somewhat  longer,  since  the  brown- 
process  paper  is  not  as  transparent  as  tracing  cloth  or  tracing  paper. 
Rven  very  fine  lines  of  the  original  are  reproduced  with  surprising 
distinctness,  due  to  the  fact  that  in  both  manipulations  the  orgiinal 
is  in  direct  contact  with  the  sensitive  side  of  the  paper,  so  that  no 
light  can  enter  sideways  under  the  lines. 

By  making  several  negatives  and  printing  from  them  simultaneously 
the  rate  of  reproduction  may  be  largely  increased. 

83.  For  printinfiT  hy  artiflctal  liirltt  bromide  papers  are  used. 
A  contact  print  from  the  tracing  has  clear  white  lines  on  a  very 
dark-brown  ground.  The  contrast  is  clear  and  agreeable.  Altera- 
tions may  be  made  with  a  sharp  red  pencil,  which  makes  a  legible 
line,  or  by  scratching  through  the  emulsion,  which  makes  a  white 
line.  A  print  can  be  obtained  quickly  from  the  light  of  three  candles 
at  12  inches  distance. 

To  develop  bronkide  prints  make  a  stock  solution  of  bydro- 
chlnon,  150  gr. ;  sodium  sulphite,  300  gr. ;  water,  12  oz. 

For  use,  to  1  oz.  of  stock  solution  add  1  dr.  rodinal  and  8  oz. 
water ;  or,  make  stock  solution  of  metol,  150  gr. ;  sodium  sulphite 
crystals,  2 J  oz. ;  sodium  carbonate  crystals,  3h  oz. ;  bromide  potash, 
8  gr. ;  water,  20  oz.    For  use,  add  1  oz.  stock  solution  to  4  oz.  water. 

Acetic  acid  is  used  to  clear  bromide  prints  after  development  and 
to  stop  the  i^ction  of  the  developer,  16  oz.  water  to  1  dr.  acetic  acid. 

For  flxiner  bromide  prints  use  hyposulphite  of  soda,  1  oz. ; 
water,  6  oz.  A  little  alum  added  to  the  fixing  bath  in  hot  weather 
hardens  the  film. 

A  bromide  print  may  be  made  transparent  by  oil  and  used  for 
contact  printing  by  artificial  light.  It  will  be  better,  though  not 
essential,  to  secure  a  paper  for  negatives  thinner  than  that  usually 
supplied  for  prints. 

The  cycle  of  operations  for  quick  reproduction  by  the  bromide 
process  is  as  follows : 

From  a  tracing  or  transparent  drawing  make,  say,  3  to  5  negatives. 
Make  them  transparent  and  start  printing  from  all  of  them.  If  the 
sketchers  are  in  by  5.30  p.  m.,  the  negatives  can  be  ready  for  printing 
by  7  p.  m.,  and  after  that  prints  can  be  turned  out  at  the  rate  of 
15  per  hour  from  each  negative.  It  should  not  be  difficult  to  have 
all  tliat  are  needed  for  the  next  day  done  by  9  p.  m. 

84.  Transfer  processes. — With  the  bectoffrapb  the  drawing 
is  made  in  a  special  ink  and  pressed  face  down  on  the  surface  of  a 
gelatin  compound  in  a  metal  pan.  When  the  paper  is  pulled  off  the 
drawing  appears  reversed  on  the  gelatin  surface.  A  piece  of  blank 
paper  pressed  on  the  surface  and  then  withdrawn  shows  the  drawing 
direct  in  purplish  lines.  Fift3^  to  100  impressions  may  be  taken. 
Each  print  is  covered  with  a  thin  film  of  the  compound  and  is  sticky, 
curly,  and  very  stubborn.  The  process  is  at  best  only  a  makeshift, 
but  it  is  the  easiest  of  all  to  improvise  and  the  simplest  to  operate. 
For  quick  work  several  pans  should  be  provided,  as  each  must  be 
washed  after  use  and  should  not  be  used  again  until  well  dried. 

The  hectograph  compound  is  made  of —  Parts. 

Glue  or  gelatin , ,^  100 

Glycerin 400 

Water 400 
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KftQliQ.  BO  pfli'ts,  or  Bomi*  flwe  Inert  light-colored  powder  may  be 
ttddHd    wltU    ftdvrt»tftu*«.      Tho    InKrtHllents    require    prolonged    mixing 
)U   ^-MiO"   {«*,,  wUloU  iH  l)t)Ht  oUtalBed  in  a  salt-water  bath,  2  ounces 
Htilt  tu  I  pint  wHter. 
TUe  ink  in  luudt^  of   -  Part*. 

NigroHinH  lilack  -   ^-- 1 

Ulyi'tu'lu^^ ,._-,„- 4 

Wwttu' ^„. ._,_„_ 14 

WiMtiOB  «!'  (1r«wlv\tf  ia  done  with  a  fresh,  clean  steel  pen.  The  sur- 
face i\t  t\w  oowpound  id  uiolntened  lightly  with  a  brush  or  sponge  and 
aUowt^d  to  iit»tii*ly  ilvy*  whon  the  copy  is  laid  smoothly  on  face  down 
ai)d  intbbatl  to  a  uuod  eontaot  throiighout,  eliminating  all  air  bubbles. 
The  p«ii0r  U  aUowod  j't^main  two  or  three  minutes  and  then  removed 
by  »t«rting  owe  (Hirner  and  pulling  parallel  to  the  surface.  The  sheets 
Ifor  imiMH»M»ioua  tu^  p\it  w\  and  removed  In  the  same  way,  except  that 
they  a»H>  Utt  o«  b\it  few  seconds, 

\VUb  tb^  hlMek  Miitoeopytttt  the  drawing  is  made  In  a  special 
iiik  »»d  tranatdriHHi  to  a  parchment  sheet  held  In  a  special  frame. 
'ibU  pvA^^'^^j**  U  fi'W  f»^»TO  some  of  the  objections  to  the  hectograph, 
but  M  U  Wtti^  dittlewlt  to  work.  The  copies  are  Id  printer's  Ink,  are 
j)^v\uaww*t»  «»d  Y^ry  aatiafnotory, 

H^.  Umi«^««iii»«'  alE«'t<»litMiK.  -Fre<^haad  sketehlnj;  can  not  take 
tb^  i>lHei»  (xf  to|H>^r«pby.  but  It  1$  a  valuable  adjunet  and  shoold  be 
|Mr«^tK*^  bijr  ^Ywy  aoidler  wIm>  has  any  antitnde  for  pictorial  drawing. 

A  »k;>^t^b  dlt|«»r«  fr\kiM  a  photograph  onlj  In  that  tt  siiows  In  sharp 
vi^^tUv^  a  WwU^I  ftwwb^r  <^X  the  larjjir^r  and  eharactertstle  features 
^iuly  s«««  aiMl  u«der«t^>o«t  wtill<^  the  ^botofsnipb  sihows  all  details, 
IM««^Y  oJT  tbew  !M)^  (ftlnttt^  that  tb^v  ar^  losft  in  a  mmm  of  confosed 
I^HN^  with  i^  iwrm  Uiaesw  o<bw  than  tib^  sky  lhie»  refciliveiy  Incon- 
a»4CWMi^  All  th9>  \vsimk  K^  a  perifv<rt  aketeb  exist  In  a  pliotograph,  bat 
cW^  i^^-^tWY  ir»  <xft««  »e««<$$ary  t<>  dnd  IHhen.  If  smiglit  out  and 
tii!'«(.'^  kow^-Yvr,  a  Ipeff<^»«^  sk«^c)3t  ir«i»«!ktts;.  '!r)ra4£ls$  frosa  ptetDgraphs 
li»  ^^vellMik^  fgp«fcvtk«k 

'W^k^  w«^m  IVMT  ^»i)^  9k^v4)>lB^  sasMxaN)  ^  w»  sdnptR^  as  msible.  A 
iA^cl)^lKK>k  wiitllt  a  (f«i!ftYa»  cover,  CQkvHe^  t'oe  a  w«t«Htil^hft  case,  to- 
j^M^k^m  witk  a  t<^w^  lK«<^  p«iiMHtf$  R  Fv  aoNi  H.  asid  pfie«e»  of  soft  and 
$i*id  ugtWwf  *ir<^  t^  wtj««cti;il»  fw  !j*fcl:b5fu.<.*<K?ey  w^jc^  F^wr  active  llrfd 
w<^L'^  ^W  Wo^  ^JjtjOiiiij^  be  no  wltli^  tlMitt  oaor  be>  caorfiMi  fin  tke  pocket 
vl  an  sw^?vi<^?^  W<w«*  4.9*ii  u^ftatWelv  Iq»^.  '■my  5-  >y  «>  tanrilieBL 

1^1  «>i>«^»i-v«*  .!*!'*{*{/  <>Jc  y-U  tijiiic  i»  iitti?«^rtattt — a  wek.  s  knoflt  a  UD.  a 
p**ttk—  (i«i>tj«vli7i«  upon  the  w»<iJttv»tJ;  IHrce  towrirtt  tlh*  mdSiUllle  of  tlie 
tii^lU  qI  viijw  wtiicJi  l»  (jLettirm  ijitfvl  \xt)im*  H..^i|  ctte  t)«mrd*  <wr  sfcgtglibiook 
vei'ticail>  i>«iw«^  t^  jjye  aihi  i»uv**  it  Dacftwarfl  '?r  fliwrwaafti  asBtfl  the 
tjhtitjt  jufcJt  tjUs.  the  tjeidk  Loweir  the  ^oajH?  ifijtit  tfte-  sky  IStaie  of  the 
billH  ciui  t)e  i^oeit  ;)^ve  it^  t<>i.^  t^due.  mut  witti  ;t  {)efri:H  moirk  9tt  that 
t}Ul4e  tile  points  (,viH«e»fM>o<iiag  te  the  priiKMtwJ  ^iJietrts  JUid?  weatirants 
oi  t'le  hill  forme.  If  tiesireble  the  iietml  <:ajt  De  mtived  sMfwasys  far 
vjuouuh  to  ufiai)le  tlie  principtiJ  heights  tu»d  (iepressnonfr  to*  tt*  mjuked 
on  Uie  vert'C'tti  edge.  Hy  ijiternectintj  re^^rence*  tfte  ftwatttoiBS  can 
then  he  eHHily  t^kO-nhliBhtxl  on  the  <»heec.  h>*n»  tdtese^  ^oilxte  1ft»  farsss 
can  be  sk«{i;htid  in  with  inu<,'h  M;r»^atw-  iieeursey. 

l^roceti*]  ntix'  *♦>'  (Jraw  fie  hjI.'B  in  our'iue,  h^it  faiittll?..  wflflt  attea- 
tjon  to  «ho  larstjr  «:«jrvt)e  or  hunifm  at,  tii*^.  <»?o  over  Iflksm.  aigsaiB 
wdh  nioi'V)  <iare.  hrinKin^  out  (he  ^muitl  ir««eg»ilnntit»ts,  I3F  ajigr  p«Mt 
oi'  'h«  hiH'ifion  m  visihln.  Urnw  in  IJKhrJy.  jind  then  (}Qini^Q<)9<  1tfiH>  sn»> 
ei'Hl  muts^  oi  hillfe  hy  UrnwinK  '^he  wHier  or  hase  11h««^  Steefc  noiir  for 
ilu'  >4iu'»af.«  v.narHf.im*  oi  tii«  hillB  hy  trHi-inj?  the  rnviiw^  UtrRS:.  Tfce 
Ivimbs*  :uk1  ifKiUiillH  u^  hioni;nr  out  hy  rrnttinK  the  tjree  meoaidknrs 
!jutj  -Uiow  lorm,  \:i  <'.hi«mes  in  •'onn  or  hi^eakti  in  the  ^romnS mmiBee 
'  «ni«-.>puuUUm  'iiHHiw  in  liiti  f'oilHKe  oi  tiie  tj-**©  Tnneses,  wfticn'  sftMnr 
in  Uiti  "UstHiuH  .ti»  in>^muttr  lin«s.  It  iji«  more  impertanf:  oi?  it'Vew? 
urt4  i^ugiu  c4nU  UrHWJi,  liie  ^^euei-nJ  character  of  tjae  hiir  wciit  i*«BiiJ!t. 
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Add  now  the  foreground  crest,  and  the  skeleton  of  the  sketch  is  com- 
plete. 

The  road  and  railroad  meanders  should  follow  as  a  rule,  and  the 
fences  of  the  fields.  Cultivated  land  is  rendered  by  parallel  irregu- 
larly broken  lines.  Houses,  fortifications,  trenches,  etc.,  will  be  drawn 
more  or  less  in  detail  according  to  distance  and  importance.  Enemy's 
lines  or  trenches  even  at  a  greater  distance  should  be  strongly  marked 
by  simple  black  lines.  The  indication  of  forests  and  trees  is  the  most 
difficult  feature  for  students.  The  indications  given  in  the  accom- 
panying sketches  will  ^how  the  treatment  in  outline  work. 

Figures  89  and  40  show  a  variety  of  forms  sufficient  for  most 
localities. 

86.  Hydroffiraphy. — Depth  of  water  and  character  of  bottom  are 
determined  by  sounding  with  a  pole  or  with  a  lead  and  line.  Tbe 
Monndingr  pole  may  be  improvised,  or  of  permanent  form.  A  con- 
venient one  is  10  feet  long,  octagonal  in  section,  tapering  slightly 
from  middle  to  ends,  divided  into  feet  which  are  painted  alternately 
white,  and  black  or  red.  There  should  be  an  iron  shoe  at  the  bottom, 
heavy  enough  to  make  the  rod  stand  erect  when  free  In  deep  water. 
Such  a  rod  is  convenient  to  use  in  water  9  feet  or  less  in  depth. 

If  a  Bounding  lead  is  not  furnished,  any  compact  weight  may  be 
used.  The  soundingr  line  should  be  of  braided  hemp  or  cotton, 
i  to  i  Inch  In  diameter,  and  tagged  with  cloth  or  leather.  The  tag- 
ging will  depend  on  the  depth  to  be  measured  and  degree  of  precision 
required.  Cloth  of  different  colors  may  be  used  for  different  units, 
and  leatiier  tags  may  be  distinguished  by  cutting  notches  or  punching 
holes  in  them.  The  line  should  be  thoroughly  wet,  stretched,  and 
allowed  to  dry.  It  should  then  be  wet  again  and  tagged  while  wet. 
The  zero  of  the  graduation  is  at  the  bottom  of  the  lead  or  weight. 
A  lead  and  line  are  best  connected  by  a  rawhide  thong  passing 
through  an  eye  In  the  lead  and  an  eye  made  in  the  end  of  the  line. 

Soundings*  are  usually  referred  to  a  plane  parallel  to  the  water  sur- 
face, horizontal  except  in  flowing  streams.  The  plane  usually  selected 
is  the  water  surface  itself  If  stationary,  or  one  of  Its  positions  if 
variable,  so  that  soundings  will  Indicate  approximately  the  actual 
depths  of  water.  The  elevation  of  the  water  surface  in  the  position 
selected  Is  called  the  datum  le^el.  If  the  surface  elevation  varies, 
a  gauge  rod  must  be  set  near  the  water's  edge,  and  read  often  enough 
to  plot  a  continuous  curve  of  water  level.  The  time  of  beginning  and 
enoing  a  particular  group  of  soundings  is  noted.  The  mean  elevation 
of  the  water  surface  during  that  interval  is  taken  from  the  curve, 
and  the  soundings  are  corrected  by  the  difference  between  the  actual 
level  and  the  datum  level.  If  the  correction  to  be  applied  is  less  than 
half  a  foot,  it  is  usually  neglected. 

The  material  of  the  bottom,  as  rock,  gravel,  sand,  or  mnd,  can  usu- 
ally be  told  from  the  feeling  of  the  rod  or  lead  when  It  strikes.  A 
specimen  of  the  bottom  can  be  brought  up  by  smearing  the  end  of  the 
lead  with  tallow. 

A  correct  sounding  is  obtained  only  when  the  line  or  rod  Is  plumb 
and  straight  and  its  length  correct,  or  its  error  known  and  applied. 
Except  for  blunders  in  reading  the  line,  only  one  source  of  error 
operates  to  make  the  soundings  too  small,  and  that  is  a  line  which 
has  stretched  since  It  was  tagged  or  is  too  long.  All  other  sources 
of  error  make  the  soundings  too  large,  and  hence  they  are  apt  to  be 
so,  and  actual  depths  slightly  less  than  those  recorded  will  usually  be 

found. 

To  get  a  plumb  sounding  from  a  boat  moving  through  the  water, 
the  lead  is  thrown  out  or  the  pole  inclined  in  the  direction  of  motion 
far  enough  to  allow  it  to  reach  bottom  by  the  time  the  boat  is  directly 
over  the  spot  where  it  strikes.  Soundings  taken  with  a  line  from  a 
moving  boat  will  always  be  too  large. 

The  most  accurate  soundings  with  lead  and  line  in  running  water 
are  taken  from  a  boat  floating  with  the  current,  with  line  allowed  to 
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hanj;  and  move  with  the  water.     It  Is  raised  only  a  foot  or  so  between 
soundings,  Jast  enough  to  clear  the  bottom. 

87.  Location  of  HoundingTH. — The  simplest  method  Is  by  two 
stmnltaneous  azimuths  from  known  points  on  shore.  If  the  sound- 
ings are  taken  on  a  line  passing  through  one  of  the  points,  all  azi- 
muths from  that  point  will  be  constant,  and  one  measurement  will 
soffice.  This  line  is  plainly  marked  by  range  flags  and  the  boat's  crew 
tnstnicted  to  keep  the  flags  in  range.  Only  one  instrument  and  ob- 
server are  required.  This  is  the  usual  method  for  streams  and  is  best 
fmr  all  work  where  the  soundings  can  be  taken  in  straight  lines.  Lo- 
caRtlons  may  be  made  front  the  boat  by  two  observers  taking 
simultaneous  compass  bearings  to  two  known  points  on  shore — see 
resection — or  by  two  simultaneous  sextant  angles.  The  latter  Is  less 
convenient,  as  a  special  protractor  is  required  for  rapid  plotting. 

88.  The  following  notation  or  its  equivalent  should  be  made  on  a 
map  or  chart  containing  soundings :  **  Soundings  are  in  feet  (or 
meters)  and  are  referred  to  the  stage  of  water  at  (location  of  gauge) 

at  o'clock,  on  the  day  of  .     The  elevation  of  this 

datum  level  is feet  (or  meters)."     If  the  reference  plane  is  in- 
clined, add:  "and  its  inclination  is  in  a  direction.** 

The  tint  blank  is  filled  with  the  rate  of  fall  expressed  in  any  recog- 
nised way,  and  the  second  with  a  compass  bearing. 

89.  Map  readingr  is  essentially  the  reverse  of  map  making.  In 
the  latter  process  ground  is  measured  and  studied  with  a  view  of  form- 
ing a  mental  picture  of  how  a  map  of  it  will  look.  In  the  former — 
map  reading — a  map  is  measured  and  studied  for  the  purpose'  of  form- 
ing a  mental  picture  of  how  the  ground  Itself  looks.  All  rules  and 
principles  heretofore  stated  as  to  relations  between  ground  and  map 
are  to  be  nsed  in  studying  the  relaticms  of  map  to  ground. 

The  following  suggestions  will  aid  the  beginner : 

R«t«  tli«  nueridian  on  the  map  and  associate  It  in  the  mind  with 
tile  local  meridian.  This  may  be  done  by  turning  the  map  so  that  the 
moridlan  wUl  p<^t  to  the  north,  using  the  compass  as  a  guide  if  nec- 
essarr.  If  there  is  no  meridian  on  the  map  look  for  indications  of 
directloa  In  local  names,  or  for  some  road,  stream,  ridge,  or  other 
feature  the  general  direction  of  which  Is  known. 

ff«t*  tMe  aeale  of  the  map.  Estimate  certain  distances,  as  the 
total  width  or  total  length  or  distance  between  prominent  points  and 
test  these  estimates  by  scaling.  If  there  Is  no  scale  look  for  some  in- 
dications of  distance.  It  may  possibly  be  found  In  local  names,  as 
Three  MUe  Oeek,  Two  Mile  House,  etc. ;  roads  uniformly  spaced,  as 
the  Untted  States  land  surveys;  city  blocks,  which  are  usuallv  about 
100  yards  on  the  shorter  side;  railroad  stations  or  sidings,  the  dis- 
tuice  of  which  may  be  taken  ftom  time  tables.  If  the  map  has  par- 
allels of  latitude  a  good  scale  may  be  drawn  by  assuming  fSd  miles  to 
each  degiee,  or  1.15  miles  to  each  minute.  If  the  ground  Is  accessible 
take  two  convenient  points  shown  on  the  map  and  measure  the  dis- 
tance between  them. 

If  the  map  Is  contoured,  mote  tke  eomtonr  Intervals  and  the 
scale  of  slope  equivalents.  If  the  contours  are  not  numbered  decide 
whicli  are  the  high  and  which  the  low  ones.  Closed  contours  are  much 
more  likely  to  be  elevations  than  depressions,  especially  if  several  are 
concentric  A  singie  clcvs^^  contour  may  l^e  uncertain.  Look  for  indi- 
catkiaa  of  marsh  or  water  Inside  of  it.  If  the  contour  Interval  Is  not 
|r|^Yii  it  will  be  difficult  to  get  any  due  to  It  unless  Isolated  elevations 
appear  on  tlie  map.  If  t^e  ground  Is  accessible  the  contour  interval 
may  be  deter*nined  br  actual  measurement  of  a  gradient. 

Note  all  topt^nraphiirft)  and  cultural  signs  and  associate  them  in 
Hind  with  their  advanta.ses  or  di;iiadvanta$^^s  for  military  operations. 

90.  A  fooMem  ftv^iut^ntly  ari^in^r  in  ni^p  reading  Is  that  of  de- 
tvrmininir  iwkat  joints  are  vistMe  from  a  vtven  point.  A 
pcdnt  is  TisiMe  when  the  gniviient  to  it.  if  risime.  is  greater,  and,  if 
Kniaf;  Is  saaall^r  than  the  smuliont  lo  any  intermediate  point. 

Fttr  this  comparison  g-tidio'ts  are  roiivoRiently  represented  by  the 
"        of  distance  in  f^^^t  divided  by  the  difference  of  elevation  in 
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feet.  The  point  will  be  visible  when  this  quotient  is  smaller,  if  rising, 
and  larger,  If  falling,  than  the  quotient  for  the  intermediate  point. 
Thus,  to  determine  whether  the  bridge  near  the  Frenchman's  (fig.  4l) 
Is  visible  from  Atchison  Hill  or  is  concealed  by  intermediate  ground, 
assume  the  highest  point  of  Atchison  Hill  to  be  in  the  center  of  the 
1,040  contour  and  to  have  an  elevation  of  1,050.  The  distance  from 
this  point  to  the  bridge  is  5,610  feet,  fall  250  feet,  quotient  22.4.  The 
line  of  sight  from  this  point  to  the  bridge  crosses  the  960-foot  contour 
on  the  flank  of  Sentinel  Hill  at  3,060  feet  distance,  fall  90  feet,  quo- 
tient 34 ;  hence  bridge  is  not  visible  from  Atchison  Hill,  since  the 
gradient  is  falling  and  the  nearer  point  has  the  larger  quotient. 

Working  from  the  bridge  the  quotient  for  the  whole  distance  is  22.4, 
as  before,  but  the  gradient  is  rising.  The  distance  from  the  bridge  to 
the  high  point  is  2,550  feet,  rising ;  difference  of  elevation  160  feet, 
quotient  16 ;  hence,  as  before,  the  top  of  Atchison  Hill  is  not  visible 
from  the  bridge,  since  the  gradient  is  rising  and  the  nearer  point  has 
the  smaller  quotient. 

If  one  gradient  Is  rising  and  the  other  falling,  no  computation  Is 
necessary.  A  point  of  rising  gradient  will  hide  a  farther  point  of  fall- 
ing gradient  but  will  not  be  hidden  by  a  nearer  one. 

91.  Dra-wlngr. — ^The  essential  requirements  of  a  good  topographi- 
cal drawing  are  €Uicuraoy  and  clearness.  By  accuracy  Is  meant  a 
faithful  exhibit  of  measurements  and  observations  made  In  the  field, 
or  of  data  taken  from  other  maps.  Clearness  involves  absence  of  con- 
fusion or  crowding,  and  neatness  in  execution.  Beauty  and  pic- 
torial effect  are  obtainable  by  skilled  draftsmen  only,  and  while 
always  desirable  are  rarely  necessary.  Persons  who  are  not  skilled 
draftsmen  should  not  attempt  pictorial  effect,  as  It  will  detract  from 
accuracy  and  clearness  without  substituting  anything  of  equal  value. 

Avoid  unnecessarr  iiaste  in  plotting  and  drawing.  If  possible, 
take  time  to  check  carefully  all  aKimntfas  and  distances  plotted  and 
be  sure  they  are  exact.  There  should  be  no  approximation  on  the 
drawing  board.  Although  an  observer  may  have  simply  guessed 
a  distance  to  be  550  yards  in  the  absence  of  other  information  the 
plotter  should  be  careful  to  lay  It  down  at  exiactly  550  yards. 

Start  with  clean  paper  and  keep  it  as  clean  as  possible.  In  the  office 
wipe  off  the  Instruments  before  using,  especially  rulers,  scales,  and 
triangles.  Dust  the  drawing  carefully  before  beginning  work.  Dust 
again  when  stopping  and  cover  with  a  cloth  or  paper.  If  necessary, 
dust  the  drawing  and  wash  the  hands  occasionally  while  at  work. 

MoJce  all  inK  lines  flrm  and  very  blaclc.  A  drawing  to  be 
made  in  ink  is  usually  drawn  first  in  pencil,  and  in  such  cases  a 
very  hard  pencil  (4H  or  6H)  is  best.  If  the  pencil  drawing  is  to 
be  traced  a  softer  and  blacker  pencil  should  be  used,  but  must  be 
kept  well  pointed. 

India  ink  in  stick  form  gives  the  best  results,  but  the  time  re- 
quired for  proper  grinding  precludes  its  extensive  use  in  military 
field  work.  The  prepared  inaia  inks  in  liquid  form  are  ready  for  use 
and  are  satisfactory.  They  must  be  kept  well  corked  when  not 
actually  filling  a  pen.  If  the  ink  gets  thick  in  the  bottle  so  that  it 
will  not  run  freely  from  a  fesh-fllled  pen  add  a  little  water. 

The  raliniTy  or  rigrbt-llne  pen  (figs.  42  and  43)  is  best  for 
making  lines  of  uniform  thickness.  The  points  must  be  kept  clean, 
and  when  worn  must  be  ground  on  a  very  fine  stone  to  the  form 
shown  and  to  exactly  equal  length.  The  points  may  be  closed  and 
the  ends  shaped  together,  which  will  make  them  Identical.  Then 
open  the  points  and  grind  each  on  thr^  outside  to  a  proper  edge. 
Right-line  pens  are  set  to  make  lines  of  different  thicknesses  by  the 
screw  D,  but  the  range  for  any  one  pen  is  limited,  and  different  sizes 
of  pens  are  made.     A  very  fine  line  can  not  be  made  with  a  coarse 

?en,  and  it  Is  difficult  to  make  a  very  broad  line  with  a  fine  one. 
'he  points  should  never  touch.  If  a  line  made  with  the  points 
slightly  separated  is  too  coarse,  take  a  smaller  pen.  These  pens  are 
jrraded  by  the  length  over  all.  Five  inches  is  a  medium  and  useful 
sfse. 
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Right-line  pens  may  be  filled  by  dipping  an  ordinary  pen  in  the  ink 
and  inserting  it  between  the  points.  A  strip  of  paper  closely  folded 
may  be  usedf  in  the  same  way.  In  the  bottle  of  prepared  ink  the 
cork  carries  a  small  qaill  for  filling.  Take  only  as  much  ink  as  can 
be  used  in  two  or  three  minutes.  As  soon  as  the  fiow  becomes  the 
least  sluggish,  the  pen  should  be  emptied  and  refilled.  To  empty  or 
clean  the  pen  pass  a  piece  of  paper  (the  comer  of  a  blotter  is  ex- 
cellent) between  the  points. 

Tlie  adjastingr  Mcrevv  sltoiild.  not  lie  disturbed  while  work- 
ing on  lines  of  the  same  thickness.  When  changing  from  one  thick- 
ness to  another,  open  the  pen  and  dean  more  thoroughly.  To  reset 
for  a  given  thickness  draw  a  short  length  on  a  scrap  of  paper  and 
lay  it  alonside  of  a  line  of  the  desired  thickness,  previously  drawn. 
The  difference  will  be  seen,  the  pen  can  be  changed  and  another 
trial  made,  and  so  on  until  the  lines  are  matched. 

For  ruled  lines  the  ruler  or  curve  is  laid  in  the  proper  position 
and  the  pen  drawn  along  the  edge,  lightly  pressing  against  it.  The 
pen  should  be  held  with  the  plane  of  its  points  perpendicular  to  the 
plane  of  the  paper  and  in  the  direction  of  motion.  The  handle  should 
be  slightly  inclined  in  the  same  direction.  For  free-hand  lines,  as 
contours,  hold  the  pen  in  the  same  way  and  move  the  hand  so  as 
to  cause  the  points  to  follow  the  line. 

In  ruling  with  a  writing  pen  choose  one  of  a  size  which  will  make 
a  line  of  the  required  thickness  without  pressing  on  the  paper.  Dip 
the  point  only  in  the  ink.  If  the  ruler  has  a  beveled  edge  place  it 
with  the  top  projecting.  A  curve  or  a  ruler  not  beveled  should  be 
raised  slightly  from  the  paper.  The  pen  should  not  be  inked  above 
the  point  which  touches  the  ruler.  It  is  held  as  described  for  the 
ruling  pen.  Parallel  lines  close  together  may  be  drawn  with  one 
setting  of  the  ruler  by  inclining  the  pen  slightly. 

Writing  pens  are  best  for  stream  lines.  When  it  can  be  done,  vary 
the  size  of  the  pen  to  suit  the  thickness  of  line.  When  using  a 
writing  pen  free-hand  do  as  much  of  the  work  as  possible  by  draw> 
ing  the  pen  toward  the  body  in  about  the  direction  of  the  down 
stroke  in  writing. 

For  lettering,  signs,  and  all  free-hand  work  with  the  writing  pen, 
keep  the  pen  clean  and  freshly  inked  and  the  ink  free  from  dust  and 
of  proper  consistency  to  flow  freely  without  dripping  from  the  pen 
in  blots. 

In  using  a  circular  pen  (fig.  43),  set  the  legs  of  the  compasses  so 
that  they  will  span  the  right  distance  and  the  pen  point  will  be 
vertical.  The  lead  of  a  pencil  point  should  be  sharpened  to  the 
shape  of  the  ruling-pen  points  with  the  flat  side  toward  the  pivot  leg 
of  the  compasses.  When  using  compasses  with  pen  or  pencil,  incline 
them  slightly  in  the  direction  of  motion  and  rotate  the  head  between 
the  thumb  and  forefinger.  Very  slight  pressure  only  should  be  nec- 
essary beyond  the  weight  of  the  instrument. 

Figure  46  represents  the  most  convenient  instrument  for  measur- 
ing the  length  of  curved  or  broken  lines  on  a  map.  The  small  wheel 
is  run  over  the  line,  and  its  length  in  the  unit  of  the  instrument  is 
read  from  the  dial.  This  length  is  converted  into  actual  length  by 
the  scale  of  the  map. 

92.  Papers. — Manila  paper  of  cream  or  buff  tint,  usually  called 
detail  paper,  is  suitable  for  sketches  and  drawings  which  are  to  be 
traced  or  used  in  the  field.  Only  the  better  grade  stands  erasing 
and  that  i^lperfectly.  This  paper  comes  in  rolls  86,  42,  and  64 
inches  wide.     It  may  be  ordered  by  the  pound  or  yard. 

White  drawing  paper  may  be  had  in  rolls  or  sheets  mounted  on 
muslin  or  unmounted.  Whatman's  cold-pressed  fine-grain  is  most 
generally  useful.  It  comes  in  sheets  of  names  and  sizes  as  follows : 
Royal,  19  by  24  inches ;  Imperial,  22  by  30  inches ;  Double  Blephant. 
27  by  40  inches ;  Antiquarian,  81  by  53  inches.  Roll  papers  are  27 
to  63  inches  wide. 

Sheet  papers  unmounted  and  kept  fiat  are  best  for  field  topo- 
graphical use. 
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WORKS  AND  STRUCTUneS 


OtMTtl  Symbol                       ..j           ^ 

i 

oh*rt«5«v«tft«nn»/op«a)        \ , 
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WORKS  AND  STRUCTURES 


BaikHnga  ia  gaotrtJ ... 

Ruins 

Chiirah _ 


HeepilMl  

ScAooIbouM 

Post  Office 

Tol9grnph  Offho  - 
Wtt^rworkB 


Id      -■■■ 


GMy.  Town,  or  Villtg* 


City.  Town,  or  ViOtgm  (jtnrtHi^ 
City.  Town,  or  VWmgt    \  -^  5^ 
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Cemetery 


l«r; 


Mine  or  Quarry  of  eny  kind  {or  open  cut)  * 

Prospect - X 


Shaft 


Mine  Tunnel 


'\Op9ning 

[Showiag  direction. 


on  Wells .V 


Oil  Tanics  iMkbrmviMtion  OT) 


Goice  Ovens.. 
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(or  b9Mrd  fenom) 

Stone 


Fences   <  Worm 


Wire 


Hedge 


■  O  II  ■  ——»»«»— —^—*>» 


/  >«fs/W%^V«-  .'^/S^V•^-^-'V^' 


BTkmd  Smooth 

X— y— X— x-x-x      o— •—•—•-o 


...fi  n  <■•■%■-.:>  'r  ^  7»  CjO  *>  -o  •>*\ 


Fig.  51 


BOUNDARIES,  MAI^KS.  AND  MONUMENTS 


NMianal  State,  or  Province  Line. 

Couniy  Line  .» „ 

C/wff  Township,  DiMiriat, 

Preoinct,  or  Barrio 

RoeervmUwi  Line 

Lond'Orsait  Line , 
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Lines  (my  mm  for  tommaidpilee  aha;  any 
two  for  towBthip  wad  ooethn  Vboo 


Townsliip  and  Section  Corners  Recovered ^^ ^^  ^ 
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Bench  mark V* 
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CA  S.  Minora!  Monument. 
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ORAINAQ& 


Streams  in  general 


Intermittent  Streams 
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eSVTRUCTIONS 


HYOAOOHAFHY,  DAN«fill».  0«STJtUCTION« 


OonJ  R%9fs. 


K%ip 

Eti  Grass 


_^^^^^- 


Reckundsr  wMtsr 


•*■    t. 


IteokMWMSh  (tmyaiMg9cfamtUt^ * 


M^ek  whose  posWoa  is  doublfid 


♦   PD 


Rook  whose  existence  is  thubtfui >  jp/) 

Overfaiis  and  Ti<i9  Rips 


>•«•«•-*• 


Limiting  Danger  Line 


Whir JpooJs  and SMfes '....'. (^     (g) 

Wreek  ef  any  kind  (or  SubmTg9d  D^fUct) -^ 

Wreak  or  Dereliot.nat  submerged ^ 

Cmbie  iwith  or  without  httoring) 


Fig.  60 


HYDRO' 


Shoreli 


kn 


I  km  . 


or       "  '  n  » 


Sib    sb 


^  HM,  lib  4Ht.  /t  lUihU  gn.  gr—n,  br>  Atpwa. 
^  *^  ««i  MftTM.  Fiy.  roc*y,  a<fe  athky, 
^  N«^  4flNA  s</.  Stiff,  oMl.  c^lemnoM.  tf«o. 
fit  fVnty,gty.  gritty,  grd.grwmg. 
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HYDROOl?AFHY.  DAtMERS.  OBSTTRUCTIONS 


J  Fathom  or  6  Foot  Line _ 

2  Fathom  or  12  Foot  Line 

5  Fathom  or  18  Foot  Line 

4  Fathom  Line 


4%  Fathom  Line 

6  Fathom  Line 

6  Fathom  Line 

10  Fathom  Line 

20  Fathom  Line 

50  Fathom  Line 

40  Fathom  Line 

60  Fathom  Line 

JOO  Fathom  Line 

200  Fathom  Liiie .. 
300  Fathom  Line- 

600  Fathom  Line 

1OO0  Fathom  Une 
2000  Fathom  Line 
SOOO  Fathom  Une 
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AIDS*  TO  NAVfQATlOW  ETC. 


[Buoy  of  Any  kind  (or  R9d  Buoy) 


BUck. 


Buoys  <; 


Stripod  horizonUUy 

Striped  vorticAlly  ..  . 

Chockered  

Perch  And  Squnn   . 
ProhmndBMU  


I  Boll  {or  u90/int/our  symbols  with, 
word'' boll") 

\Ughtod 


•  •  •  • 


AM*** 

Whistling  {or  uoo  first  four  symbols ;  ;  ;  ; 

w/fft  wo/itf  "  whatUng  ") 


&  A  b  & 
•  •  •  • 


Spindle  or  Stdke  (Mddword"spindlo"  i 

,jf  9PAC0  mUows) 

Abbreviations  relating  to  Buoys 

C.  ctn,  N.  nun,  S.  spMr,  H.  S.  horizontad  Mtripos,  B.  bUok.  R.  rod. 
W.  white.  V.  S.  vertical  atripes.  G,  green,  Y,  yellow.  Ch.  oheckered.; 


Anchorage  \ 


Of  any  kind  (or  for  Urge  vessels) 


For  smell  vessels 


■I 


Mooring  Buoy 


V*J 


Range  or  Tracic  Line 


Fit,.  ^ 


SPCCIAi.  MfLlTARV  SYMBOLS 


Regimental  Headquarters ImI 

2B 

^rigSide  Headquarters woitac 

Division  Headquarters stii^sc 

Corps  Headquarters "W 

infantry  in  line 


c:3 

Infantry  in  column '  S 

Cavalry  in  line i^a 

Cavalry  in  oolumn •  S 

Mounted  Infantry 'i^ 

Artillery ,. i  iji  i|i  i  i|i 

Sentry 6 

Vidette ^ 

Pioket,  Cavalry  and  Infantry isk   *» 

•  •  •       •      ' 

Support,  Cavalry  and  Infantry Jfm    c*3 

Wagon  Train 

A^utant  General 

Quartermaster 

Commissary 

Fig.  6t 


SPECIAL  MILITARY  SYMBOLS 


MedicMl  Corps p^ 

OrdMLiiCB  O 

Signal  Corp^ - P 

Engineer  ioips  \     ; :,    ^  ^ , ;   M 

Gii»  a#tfery .....,,  ...    ,     ,.    , ^ ^fp^ 

<  * 

Mortar  Bkttery  "    !. 

-'    »        '•  ■■     ■  . 

Fort         \,'  .     .  •'       t- , 

\  Ttv9  plAo  to  6«  sb9wn  if  known  <. 

Redoubt    }  K 


O     0' 


AAA 

Cawp AAAA 

Battle . .., , _.... * ^^ 

Tr&neh. 


Whm  CQlor  is  tjaed-exeeute  the  f6UoyiHn\  ih  re^ 

-  .    t.    "     > 

Abaitis ^  ^if  ^^^ 

Wire  Bntgn^ihem 


Palisades  1 


.  \   ''    * 


Contact  mines o     o    o 

Controlled 'min4e      '  o^^^^V^ 

Fig.  65  a 


Sf 


LrrTERlNG 


CIVIL     DIVISIONS 

Staters,  CovavtiefS.  IkywThslvtps,  Capitals  and 
PrvrvGipcd,   Cities    fcJl  capital  laUerBf 

ABCDEFGHIJ 

KLMNOPQRST 

UVWXYZ 

Towns    azLcL   VUlage^s  (with.  Cap  iruiraZ»/ 
&b  cdef jghrjldmnopqr  stiivwxy  z 

HYDROGRAPHY 

Lake's,  Hirers   cuvcL  3a^s  (all  o€Mpital  IMm^) 

AB  CDEFGHU 

KLMNOPQRST 
UVWXYZ 

Creeks,  Broohs,  Springs,  small  Lakes.  BotvoLs, 
Marshes  and  Glaciers  fwitfv  Cap.  ifyitiaisj 
abcdefghyjcbruiopqrvtuvwjcyz 


Fig.  86 


tiCTTERIMS 


MoztTvtcuTvs,  Flatemat,  £ins0  of  Obif^ 

euui   Ccmyons   fall  oapital  lettesrs ) 

ABCDEFGHIJKLMNOPQRSTU 

VWXYZ 

Perciks,  smajl    J&tl&ys^  Canyons,  Jslands    and  Foints. 

(with  €hp.  mxtuda) 
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93.  If  a  blot  drops  on  the  drawing  take  a  piece  of  blotting  paper, 
tear  a  corner  or  edge  to  expose  a  fresh  snrface,  and  hold  it  in  the 
blot  without  touching  the  drawing  until  the  surplus  ink  Is  absorbed. 
Then  press  a  dry  blotter  firmly  on  the  spot  and  let  It  dry  thoroughly 
before  attempting  to  erase.  A  piece  of  newspaper  may  be  used 
Instead  of  blotting  paper,  but  should  be  sllshtly  moistened  to  hasten 
the  absorption.     For  a  large  plot  several  pieces  may  be  required. 

94.  BTaaers  for  ink  are  or  steel  or  rubber.  A  steel  eraser  or  pen- 
knife must  be  very  sharp  to  give  good  results.  An  eraser  of  gritty 
rubber  Is  most  generally  used.  It  is  best  to  use  an  erasing  shield 
of  thin  metal  or  celluloid  (flg.  44),  which  exposes  the  area  to  be 
erased  through  one  of  the  openings  and  protects  the  rest. 

95.  Tracing:  linen  is  usually  dull  hack,  having  one  side  glazed 
and  the  other  dull.  Srasing  can  be  done  on  the  glazed  side  only. 
The  glazed  side  is  used  for  ink  and  the  dull  side  for  pencil  work. 
The  glazed  side  requires  preparation  before  use  to  remove  excess  of 

giramn,  which  prevents  ink  from  running  well  and  clogs  the  pen. 
ubblng  hard  with  fresh  blotting  paper  Is  the  simplest  method. 
Tracing:  paper  is  alike  on  ooth  sides.     It  will  not  erase.     Most 
varieties  are  less  transparent  than  tracing  cloth. 

In  tracing  it  is  helpful  to  use  a  dull-painted  Instrument  In  the 
left  hand — a  stylus  or  top  of  a  penholder — ^to  press  the  linen  against 
the  drawing  at  the  point  where  the  pen  is  resting. 

96.  Conventional  aisna. — The  symbols  or  signs  used  to  repre- 
sent topographical  features  are  designed  to  be  rapidly  made  and  read- 
ily understood,  and  to  resemble  or  suggest  the  actual  features  they 
represent.  Multiplicity  of  signs  Is  not  desirable,  and  a  verbal  desig- 
nation or  description  of  the  features  is  often  more  intelligible  and 
more  quickly  recorded.  For  instance,  it  Is  better  to  xrrite  the  names 
of  the  growing  crops  of  a  district,  as  tobacco,  corn,  or  cane,  than  to 
cover  the  entire  area  with  a  symboL  Another  method  of  expediting 
mapping  is  to  surround  an  area  with  a  narrow  border  of  the  proper 
sign  and  leave  the  middle  blank. 

The  conventional  signs  adopted  In  1012  and  published  to  the  Army 
in  pamphlet  form  are  shown  in  figures  48  to  67,  inclusive. 

The  adaptation  of  conventional  signs  to  the  size  and  scale  of  the 
map  is  accomplished  in  part  by  varying  the  boldness  of  the  pen  or 
brush  strokes  and  in  part  by  wider  spacing  of  them.  The  strokes 
must  never  be  so  small  as  to  render  the  sign  illegible  and  never 
larger  than  can  be  easily  made  with  a  medium  pen.  The  object  is  to 
produce  a  result  which,  while  distinct  as  to  conventional  meaning, 
shall  not  be  so  heavy  in  general  tone  as  to  catch  the  eye,  or,  what  is 
especially  important  In  military  maps,  to  obscure  any  additions  which 
may  be  made.  Topographical  signs  should  be  perfectly  clear  when 
looked  for,  but  not  obtrusive. 

As  a  rough  guide,  it  may  be  stated  that  the  signs  shown  In  the 
plates  are  about  right  for  continuous  areas  of  3  square  inches  or  less 
In  maps  of  scales  of  2  or  3  inches  to  the  mile.  If  the  map  areas  are 
larger  or  the  scale  smaller,  the  signs  should  be  llghtoned  some,  but 
not  much,  by  making  the  strokes  smaller  and  by  spacing  them  wider. 
Some  examples  of  good  maps  show  the  meadow  sign*,  for  example, 
with  two  or  three  elements  to  the  square  inch.  For  very  large  scale 
maps  and  for  field  sketches  the  strokes  may  be  made  heavier  and  the 
spacing  in  them  close.  These  remarks  apply  only  to  cultural  signs, 
and  a  few  others  the  significance  of  which  is  Independent  of  size  and 
shape.  All  natural  or  artificial  features  in  which  size  and  form  are 
in  any  way  material  should  be  drawn  with  as  much  regard  to  th« 
scale  as  practicable.  This  becomes  more  important  as  the  scale  is 
lar<'er. 

It  may,  therefore,  happen  that  the  same  feature  will  be  differently 
shown  on  maps  of  different  scales.  This  is  well  illustrated  in  the 
case  of  streams.  Figure  53  shows  four  signs  for  streams.  On  a 
large-scale  map,  say  1 : 1,000,  a  rivulet  a  few  feet  wide  would  be 
shown  by  the  second  sign,  while  on  a  scale  of  1 : 1,000,000^  a  stream 
1  mile  wide  would  be  shown  by  the  first  sign. 
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On  civil  maps  explanatory  matter  is  nsnally  confined  to  notes.  On 
military  maps  much  use  should  be  made  of  explanatory  matter  in  the 
body  of  the  map  relating  to  single  features.  The  design,  material, 
and  dimensions  of  bridges  may  be  indicated ;  the  height  and  width  of 
channels  and  dimensions  of  locks  and  canals  may  be  given ;  the  width, 
depth,  and  character  of  streams  may  be  indicated,  and  otiier  data  of 
tactical  value  may  be  set  forth.  This  method  of  expression  will  be 
more  freely  used  as  the  maps  or  sketches  are  of  less  permanency  or 
more  historical  in  character.  For  maps  designed  for  permanent  use, 
or  for  use  at  an  indefinite  future  time,  this  method  must  be  employed 
with  caution,  in  view  of  the  fact  that  most  of  such  data  is  of  change- 
able type  ana  may  become  obsolete,  when  its  presence  on  the  map  will 
do  more  harm  than  good. 

97.  Titles,  notes,  etc. — Every  finished  drawing  should  have  a 
descriptive  title,  consisting  of — 

(1)  The  designation  of  the  organization  under  whose  auspices  it  is 
made,  as  Engrlneer  Departiuentj  Bureau  of  In»iilfi.r  Alfalr»| 
^War  Department!  Division  of  tlie  Plilllpplne«|  Xmt  Dlvl* 
•Ion,  2d  Corps. 

(2)  Its  kinds,  as  map,  sketch,  plot,  plan,  profile,  section* 
or  elevation.  If  more  than  one  kind  of  drawing  appears  on  the 
sheet,  each  should  be  mentioned  in  the  title,  as  plan  and  sections 
of  batterFI  Plan,  section,  and  elevations  of  ffnardlionsey 
etc. 

(8)  Its  subject.  If  it  relates  to  a  particular  object,  feature,  or 
purpose. 

(4)  Its  locality.  This  and  the  preceding  may  be  interchanged  in 
position. 

(5)  Its  sources,  as  Compiled  from,  etc.|  Rednced  from*  etc.f 
Froui  a  survey,  etc. 

(6)  Its  authorship.  If  the  work  has  been  done  by  one  person, 
acting  under  the  instructions  of  another,  both  should  be  named,  as 
under  the  direction  of  Colonel  Jolin  Doe,  Genertti  Staff ,  by  Captain 
IVllllam  Roe,  Ut  U.  S,  Infantry, 

(7)  Its  date. 

(8)  Its  linear  scale;  its  contour  interval;  its  scale  of  slope 
equivalents. 

Titles  should  be  adapted  in  size  and  boldness  to  the  siae  and  im* 
portance  of  the  sheet  They  should  be  divided  into  lines,  following 
malnlv  the  divisions  just  stated.  The  middle  letter  of  each  line 
should  fall  on  a  line  drawn  vertically  through  the  middle  of  the 
space  allotted  to  the  title.  Lines  should  be  alternately  long  and 
short,  and  if  the  long  lines  are  symmetrically  disposed,  the  eiiect  Is 
better. 

To  prepare  a  title,  write  down  the  matter  under  the  various  heads, 
with  proper  connecting  words,  and  divide  it  up  into  lines.  Then 
block  out  the  title,  observing  the  division  of  lines  decided  upon,  and 
make  such  alterations  as  seem  desirable.  Finally,  letter  the  title  on 
the  map.    The  following  is  an  example: 

Division  of  the  Philippines.  |  Sketch  map  |  of  a  tract  of  land 
northeast  of*|  Zamboanga,  |  Island  of  Mindanao,  |  showing  the 
proposed   location   of .  a  I  cantonment  of   V.    S.   troops.      |  From   a 

reconnaissance  by  |  Capt.  A B ,  |-  Chief  Engr.,  Department 

of  Mindanao,   |  Jan.  15,  1904.     |   Scale,     i  Contour  interval,  20  ft. 

Notes. — Besides  the  title,  such  information  as  will  help  to  a  proper 
understanding  of  the  meaning  and  value  of  the  map  should  be  given 
in  the  form  of  notes.  These  usually  relate  to  methods  used  in  the 
survey,  datum  points,  etc. 

Figure  68  shows  the  title  corresponding  to  the  above  example, 
with  notes. 

Meridian. — The  magnetic  meridian  should  be  shown,  and  the  tme 
meridian  also  if  the  declination  is  known.  The  true  meridian  mav 
be  a  line,  of  3  inches  or  upward  in  length,  with  a  star  at  its  north 
and   the   feather   of   an   arrow   at   its   south   end.      The   magnetic 
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Flfir.  68. 


01)  s^axsxu  nxLD  mabual. 

T.  .•••x.v   .'rossjin^  the  former  at  the  middle  point 

V     ^    »  ..jj.,o    uuLvuleat  to  the  declination. 

Hx. .  ,.v  . .  »     ^  -1  ■  wd  'je  inclosed  in  a  rectangle,  preferably 

»  >  >      --  N         .  ^    lU*^  cl.  and  W.     The  border  consists  of  two 

;.x^    aietiium   fine,   the   outer   one  medium 

,^»«.v.i  rh«?m  equal  to  the  width  of  the  outer. 

^   '     •  ,^^>to  border  is  used,  with  space  between 

tr!i  of  meridians  and  parallels. 

.N    .•»..       N        -*     ...V*    i^^urvs   relating  to   points   on   the   map 

'  '     .  '  v'ii<?  side.     Names  and  figures  relating  to 

..'  ai>^as  are  disposed  along  the  feature  or 

^  ..  .  r  ».urved  lines. 

•  ^  >.;v>i;ia  Iv  avoided.     A  plain  unshaded  letter 

•  -  oiy   of  effect  and  prominence   may  be  ob- 

...  .li,.   weight,  and  inclination  of  such  letters 

.    iujK»rtant  words. 

.V         .>  V  v»t>taiued  by  the  exclusive  use  of  capitals. 

.  .  If     uo-Urtlf  the  space  of  capitals  In  the  same 

V  .     s     A>\   to  make  well  as  the  capitals,  but  can  be 

J    <.»ok  '>^>tter  on  the  face  of  the  map.     A  very 
N    .>    u^  Inclined  letters  for  all  names  and  words 

V  ..^p  which  relate  to  water  and  upright  letters  for 

N,    '  '.'  s    ^.  ...out  iUMi  *«4i«ett»m. — The  simplest  method  is  by 

'      \>     -o    .i^Iual  into  squares  of  2  inches  or  less  by  lines 

'     u    viUer*  ^dg.  ©9).     Divide  the  paper  on  which 

N    v>    V     ^  x'o    uio  squares  with  sides  corresponding  to  the 

v   ^v  (le  of  the  cf^y  that  the  side  of  a  square  on 

v'vjv    o  ihe  scale  of  the  original   (fig.  70).     If  a 

v     .Initial  be  placed  on  the  side  of  a  square  on 

.»     .ic    'lolling  scale  of  the  copy  on  the  side  of  a 

.'    .  liv  '  cadiugs  should  be  the  same.     The  square  on 

>    '    \   '  ..^ci    I  the  drawing  is  to  be  enlarged  and  smaller 

\-    V  vl.     The  ratio  between  the  sides  of  the  squares  on 

tc    v>pv    li»  the  ratio  of  reduction  or  enlargement. 

...    V  voui>is«?d  with  the  ratio  of  area  of  the  two 

s    '>.  v.cut  aud  not  important. 

V    •.    ))o  original  and  reproduce  its  contents  in  the 
..c    'i  it^o  copy;  or  take  a  feature  of  the  original, 
-.  .     ...   uivl  tiai*^  its  course  through  several  squares. 

\'a  .»;  t«  \H>int  in  a  square  or  on  one  of  the  sides 

.     )  xuiHcleut  accuracy.     Important  points  may  ho 

V...V.II  of  distances  from  the  nearest  sides  of  the 

K    ^va^c  \>i  the  map  and  the  scale  of  the  copy,  re- 

..  .  1.^    fK'  A^umree^on  the  original,  they  may  be  drawn 

\..s-^  'aid  over  It,  or  fine  threads  may  be  stretched 

\\ci\   drawing  l)oard  should  have  a  scale  of 

iAU.  ^t\l  with  fine  saw  cuts  or  with  small  tacks 

»     .»  x»5  *^uares. 

.     .   ^     4«4   Irn^vvlar  area. — Lay   over   the   area    a 

...«'»<  (>a(>er  (fig.  71).    Count  the  full  squares 

^^    t  tr  number  add  the  sum  of  the  estimated 

.     »o    •-»M«.v  the  fractional  squares  to  be  added  are 

\.  V      *      N-    >  Ucnt  number  of  full  squares  In  the  area 

^     ..    ^  s^  ?v»  the  scale  of  the  figure.     If  the  scale 

K         »   -  '>\ViHH>  square  feet  to  the  square  inch,  and 

.  N  o^  vnte  side,  then  the  area  of  one  square  is 

>^     s  \»   Ms  value  to  the  scale  of  500  feet  to   1 

s    '  -'- —  *  f  .^^^  square  feet.    The  number  of  squares 

w    -v     '  -^^  I*  the  number  of  square  feet  in  the  area. 

^    .  sx^    fho  area  per  square  inch  of  the  drawing 

X     ^  .  ►,N  *N«U»«  together.    Thus,  in  a  profile  plotted 

>s-t  V  vv  .W  <^t  to  1  Inch  and  a  vertical  scale  of  10 
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^  •    -r  »,  2i<4uiire-  ox  >^yg  iDciL  OK  &  sidew 

^        -1  ^»    >  *  *  t  ^i  ary  ««aie  \ff  ninnnn  of  whidi 
•^        .   »A      V4^  -.vMMjr  ti»a  oaa  be  obows  by 

f      icu  -^njtth  .>f  i«talcit  is  equal 
V,  ^<->.,      ^     rtm.ii»iii  <caiei  but  diridedlito 

- —     .      «    ^*!tt«r»    niilcMeA  by  nt  «mw^  fa 

>  V  •  '<*  ;«one,  :i>^  remdla^  t>  at,  i«^ 

»->,va  '  .     H»  v<*fiuer  :3  to  tiie  left  ^  32 

^-•*  *"    '■•  '  '^*c   ^  c-^wifc  rhr««w  etc»,  te&tJUs  to 

*.     .  .  — ,a  ^  -     Hj  *«:dn«.    To  make  any  divfaicm 

*  ..^,       X   •.sv.^^  M.     -•..»,     f     i^th.  .coincide  ititit  the 

•      -•'-      "■"  -  »***     -     -»     'W  '>Hrtiier  amat  bo  owved 

,    ,      ^>H  -^        ^      .        ^xii     •^ti»«j  ci  "iM^  IOB]|tit  of  (HW  tflTi- 

>     ^.  s.      -^      ^     .  «.*    *i  .     utitt  30   ^ppoatta  &  point  oa 

•^     -t*     *      .^  ,.    t:^ti»  '  i  'ijo  Usttoco  ftom  31  to 

.  .      •*.      '"^v     ^a.uuC7  outaixtaA  by  dtvfcffmg 

^    ^  *      ^  >.  ..     .     -v  ^«.^    y    a«  nuBUMT  of  OiriSKonaTS 

"      •     ^       •      ^"ax  o^*<Mfc4  04  tfca^  -wBCTiioafc     But  OBO 

— ^^  '  >      . .  .  X »      ■>>•.«    >a    >  ^'K  ti^^  *ica  vi  s«ate  'ItTffrton  at  tlie 

.»,         »  •   -^.^    ^      «      .,  uv**     s    'itos>  liii*    east  cooitt  mast  be 
s  ».      c^  -^i^o  .^*.«4»,^    «A4Mk4    .J   Jto»  4cct»f«  to  set  ttie  tr«e 

^^     .^    -^w^i    -v^^    h»  -*iv*^  c4  -^  :aat  aoiio  OhiuiMi  naniii  g 

— ^, .  —^  -^  v^  ^  ^^»<«  •<>M4  s  4&«m;^  r«a«i  ahcit  of  the 
^  *v^«  <  o«  ft  ««»«N-t  -»«'  -<!tM^  THiiTinrhtiM  iiucwn^  »^| 
»*^'*-**   -^*^%k»«*       lA^t-v^i^.   aaj^  4«dtt  bo  oonaCmtUal  by 

-  —   »  -     --*.     -H-  -vvv    •    >«**iu^  ^^-t-    yw   -aimifc  ^^xcepc  tiiaf  tiio  eoitt- 

.V     .. »     V    , .    ..X*.    -*     «.v    tt    n*:  .Uiadle  anU  «)ati:iL  ak^  ftwi^Ss 

-♦^H-    x.»-'v%  *     .pHuUaihotib.  ut:i>Mi6iii|;  itt  tile  aaour  (fitocSoi^ 

-,.     >.^    <    *.  .N*    *M^;]k»»  ^r.«<€    ^"fitj^)-      J'****  nw«t  v*OttMct 

■-*  ....^;.ir.  -NMiiv  iv  n.:i.j«v^r^  rwa*  rfi^  middle  to  one  emf  ^»>f  eoat* 
►.^,  •v.*  -*  ^-'x*-  m*  \>  .ftv  quddle.  This  is  read  aa  a  «tttect 
^.*.-«  •  .  -^A  .iivv.>v«t,  *i  Ute  cuixuddeat  line  la  ohftmA  of  tbe 
^  «,i  ,-  >.  -V  ,r*^.tva  H  «iK-*«ttiMAf/  .'/ytRiaaitof*,  take  ita  itwiiber 
<>*«c  «''\    v^N^  -^    -^  T.t>».      I    t  'S-  ^iiiit^  the  mAH^^  f^  In  f^  AteetioB. 

^««<»«„,U«  *«««.«twi«vi4i.  'tkisck  Its-  mmber  from  tbe  Bearcat  eiul^ 
• — ♦n*^   *>    *^    '.ifii*  «t  -tmttovctr^  oir  tite  yeraler.  '«««*i. 

..^,.?v  f*^-  t-x»  "»*«ts*^«ttti«.  itt  crlimirical  nurfaceti  {tg.  75)  aoMi 
^   w.,Ts,"f»  .•Tir'^^**     ^  ^i  •     Hte  pnaeU^les  and  method  of  reading 

V.  r«toe  4  >*.<■«  ie»%  ^w^y  r-TOs  iiMtniment  la  shown,  an^ 
♦V.  T«t-,.K  r»  »t^  »«»-*  :ii»aK4B«i  m  llgpre  77,  To  nse  the  tninsit 
^'.  nr  *>^'  ^■r\^'^x  -^^  V«*  *xTr««din^  far  enongh  to  glyc  a  stable 
>«*!/  *>m.  f»'  tK  tr  n3iA*-  tu*  ^^.*arfa^  of  the  head  horizontal  or 
T.  •,;•!  *^  ^»t  >'-**.  r!v«ci»4  lirf^  *^«»_S"^  b«  equally  extended.  On 
;t,  nn/^f  iT*'-«t»i?':  *^'  ^'^  ^*  *=^  lower  side  will  he  straigbter  and  tlie 
f^w-H  pw.-i  iT»'Ht>«fi  TI/Tr>At'#'  tfc^  cap  from  the  tripod  and  screw 
oL   'N   itit«rroBKJb;  li  it*  p2Ace,     Oang  the  pi"mK  i4«^  ^jj  ^j^    hook 
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depending  through  the  trlfkod  head,  and  adjust  its  length  to  bring 
the  point  of  the  plnmb  hob  as  close  as  possible  to  the  setting  point. 
Unclamp  the  vernier  and  turn  the  transit  so  that  one  of  the  plate 
levels  is  parallel  to  one  pair  of  leveling  screws.  The  other  plate  level 
wUl  be  parallel  to  the  other  pair.  Bring  the  bubbles  of  the  levels  to 
the  center  in  succession  by  means  of  the  leveling  screws.  Always 
turn  one  of  a  pair  down  as  the  opposite  one  is  turned  up  and  avoid 
more  pressure  of  the  screws  against  the  plate  than  is  necessary  for  a 
firm  bearing.  If  a  screw  turns  hard  at  any  time  It  is  either  sprung  or 
has  been  set  up  too  tight.  In  turning  a  pair  of  leveling  screws 
always  move  the  thumbs  toward  each  other  or  away  from  each  other. 
The  bubble  will  follow  the  motion  of  the  left  thumb. 

With  the  level  bubbles  in  the  centers  of  their  tubes  the  plate  will 
be  level  if  the  bubbles  are  in  adjustment.  Turn  the  transit  slowly 
In  azimuth  and  watch  the  bubbles.  If  they  remain  in  the  centers 
the  plate  is  level  and  the  levels  are  also  correct.  If  either  bubble 
leaves  the  center,  the  amount  of  its  motion  indicates  the  amount 
by  which  It  Is  out  of  adjustment.  If  the  amount  is  small  it  may 
be  neglected ;  If  large,  the  adjustment  should  be  made  as  hereafter  de- 
scribed. For  short  lines  the  level  error  may  be  neglected  if  the 
entire  bubble  remains  in  sight  during  the  entire  revolution.  Adjust 
the  leveling  screws  in  this  case  so  that  the  travel  of  the  bubble  will 
be-  equal  on  both  sides  of  the  center. 

Having  leveled  the  plate,  draw  out  the  eyepiece  until  the  cross 
hairs  are  clearly  defined.  The  instrument  is  How  ready  for  use  or 
adjustment.  Adjustments  should  be  invariably  made  in  the  order 
In  which  they  are  described. 

Imt  ttdjvstsiemt. — To  make  the  axes  of  the  plate  levels  perpen- 
dicular to  the  axis  of  the  instrument  and  therefore  parallel  to  the 
plate : 

Having  set  up  and  leveled  clamp  the  limb  and  revolve  the  plate 
180"*.  If  either  bubble  recedes  from  the  middle  of  its  tube  bring 
It  back  by  raising  the  lower  or  depressing  the  higher  end,  one-halt 
by  the  main  leveling  screws  and  one-half  by  the  small  screws  which 
fasten  the  level  to  the  plate.  Again  revolve  the  plate  ISO^,  and  if 
tlie  bubble  still  recedes  from  the  middle  correct  .the  error  as  before 
and  repeat  the  operation  until  the  bubble  does  remain  in  the  middle 
In  both  positions  of  the  plate.  When  the  adjustment  is  complete 
both  bubbles  will  remain  in  the  center  with  the  plate  in  any  position. 

HA  adliistm«iit. — To  place  the  intersection  of  the  cross  wires  in 
tbe  straight  line  through  the  optical  center  of  the  object  glass  and 
perpendicular  to  the  horizontal  axis  of  the  telescope. 

The  first  adjustment  completed,  direct  the  telescope  to  some  small, 
well<deflned,  and  distant  object.  With  the  screw  which  moves  the 
object-glass  slide  adjust  the  latter  so  that  tbe  distant  object  is  as 
distinct  as  possible.  Both  cross  wires  and  object  should  now  be 
clearly  seen.  Note  whether  the  image  appears  to  move  with  reference 
to  the  wires  when  the  eye  is  moved  from  side  to  side  across  the 
opening  of  the  eyepiece.  Such  displacement  is  called  parallax,  and 
indicates  that  the  image  is  not  exactly  in  the  plane  of  tbe  cross  wires. 
Hove  the  object  glass  by  its  thumbscrew  until  the  parallax  ceases. 
Tliia  innat  fee  done  every  time  the  transit  is  ased  to  read  an 
angle,  as  well  as  when  adjusting  it. 

Unclamp  the  plate  and  lay  the  intersection  of  the  wires  upon  the 
middle  of  a  pin  200  or  300  feet  distant ;  clamp  the  plate ;  plunge  the 
telescope,  that  Is,   revolve  it  about  its  horizontal  axis,  and  have  a 

Sin  driven  at  the  same  distance  from  the  transit  so  that  its  mid- 
le  shall  be  seen  exactly  at  the  intersection  of  the  cross  wires. 
Revolve  the  plate  180",  clamp  and  lay  exactly  upon  the  middle  of 
the  first  pin.  Again  plunge  the  telescope  and  look  at  the  second  pin. 
If  the  Intersection  again  strikes  the  pin  the  adjustment  is  correct, 
but  if  the  pin  appears  to  one  side  of  the  intersection  bring  it  back 
one-quarter  of  the  way  by  the  side  reticle  screws,  turning  one  in  as 
the  other  is  turned  out.  If  the  instrument  is  erecting  (most  transits 
are)  loosen  the  reticle  screw  on  the  side  toward  which  the  wire  shoulr 


•t^^TT-  n  ^»  »tu1  »itU  tjiliif'u  the  other  one.  If  imyerttng.  turn  th^ 
•-•»  »*«,*  ;  .n«i  Mf  uocfs^j*  imtil  tlie  pins  are  cut  exactly  in  Sa 
* '    »•   smu     v»t'i^iK>»     o  position  of  transit  or  telesco^      Th^ 

•>v    -t^i-*<.i»tai   t»r.e«i\  lay  th«  teiescope  ou  appoint  at  the  too  at  a 


«Mji«»«t«M>a*««      ro  :uakt*  ihe  horisontal  axis  of  the  telescoDe  nt^r. 
«.  u    V    *^v  >rrttcnl   ixis  of  tile  Ixustnunmkt :  i^  iw;r- 

I  t»r.e«i.  lay  the  telescope  ou  a  point  at  the  too  of  « 
itts  -ucii  IS  rbe  corner  of  a  building  of  a  steady  nlnmh 
u-n"  ft-  'mte  and  iieptess  the  telescope  until  the  horizoni^ 
,«•»  tu-  owtr  v»uU  oi:  the  vertical  line  and  note  the  position vS 
•H.  t«iM-w»v«tva  »4  ith»  wire»  with  rsspect  to  the  selectedTeiidc^ 
*• .  ts  4  t.  t^^.t  .c  t  it  v>j:  it»  ami  how  mueii.  Bevolve  the  plate  IsS  • 
*.  ♦►v  t.|»  ^ui  ,11  tie  sttieetea  vertical;  asain  depress  the  tetescoM 
-  ..y  ♦It  rt,e»^Mv»v  uxd  ixnjixu  brtoi; the  intersection  of  the  cross  wirSa 
>  '  ♦t'x  *H  Kutrimitti  wirt»  to  the  bottom  of  the  rertlcal.  Ifthe  in 
*»-»*>..♦.«  '1  'v  >»t!v*  8^  liwin  on  the  same  aide  and  at  the  same  dte! 
--..N,.  i^.ttt  ♦Af  ^.t^«r»i  wr+lcai  tile  adJQstmettt  is  coirect.  If  it  is  niof 
*•  ^,M#  H>  v»**ri-  *b^  -ttovttble  support  by  the  proper  adjastins  screwn 
*•  »^  t-  «n^^^  >ifc4i  n*  vito^reitce  and  cepeat  the  operation,  if  th» 
»^v,Mt-s*n  !^  »r«H«titiCi  nutsOQc  tho  support  will  move  the  interaeetiirMn 
.'^-v  '^Ma  t,  vir  owtMrtn^  the  ^mpport  will  move  the  inteneetw 
t>v*t^.*»  t.      1   tt*«>rritt^  rh%»  wvwseT^  "*«.««seciHm 

*»*%  m«<}^Hf««r^M^Hft«%  -t'»  mtiise  the  vertical  wire  perpendictilar  to  th* 

,  v,v  n'^^^Htty  «Ba  tay  th»  top  of  the  wire  on  a  definite  ooint. 
v^sr,,  «  -^v  -»»*»Nsci»i?<p  'Howiy  and  note  whether  the  point  cemains^nn 
-K-  «r-i-<fc  7;  ix.r.  ;o«M»iL  two  onl/iHwit  totlcle  screws  and  lap  the  ImS 
M  *tt%»  "»»r  c*«iH>r  mal  the  point  will  travel  on  the  wire  firom  enStn 
"♦u  rhm  rjrtwtt  th*  siaR*ws^  tf  fentiy  tappini;  on  a  screwhMA 
4\'«»c  tv>r  nv«\»  v^«  wt£«^  Qk9  oa  the  opposite  side  of  the  opposite  serm^ 

?<»r  t  -rtit^t'  wtfiottt  iwrttcal  ttmb  or  attached  level,  Imown  in  tR 
-*tvN>  «»  *  vAiUis  tv«uMit.  th<*  adjustments  are  now  complete.  If  th« 
--n  ti<«(v  l{t«  aa  aCtedfeht  l^^n^l  its  axis  is  made  parallel  to  til^  liae  o? 
s«jrt.»*  \»- 1*^—  ^^  ^ 

5;*%  a^f^twitiit>~;y  ei^  midway  between  two  stakes^  which  have 
n^KT  'vctt  at  aNmt  the  same  eievatiaiu  and  witii  the  bohMe  nS 
t^»»  «t^aidk.vd  ^t^ntl  fh  the  OHiter^  read  a  rod  on  each  staSerK 
^*  .r-*^:v«w  ea  th*  rwivl&MFs  fe  the  tme  difterence  in  level  of  the  toM 
>«*(  -^r^  «t:il»^  Mx^'c^  th«  tmstmment  toward  one  of  the  stakes  and  set 
:-  v;  ^'  -lat  rSii^  ♦.y>^i^«e  Is  abowt  over  the  center  of  the  stakes  IHac^ 
-^--  ?v>f  ,•*  th*^  ««ak»  tt^r  the  «y«»plece  and  set  the  target  hi  the  middle 
«yf  n^  1**-M  a$  w»^a  thcvHisch  the  «d»nrf  glMS.  Set  np  t^  rod  on  tte  K5 
5rAtv^  wtt^  a  tsirc^t  ««^t  at  t!l<^  ivadiB|r  hist  taken  throng  the  o6ie«t 
p^^5W.  ^•-*  vNT jii^ixr?  the^flr<^rett«e  of  level  between  stakea-^pliisif 
.vwv^r.  r.;s  r«  If  ^•.x*i^r.  Rswt  the  target  with  the  horisontal  cnm 
vrt;«.  T:i^  iirs^  <»f  $t^t  must  now  be  horixontal,  and.  keeping  the  tm^ 
f^-«;  ttvC'oa  vjciw?^  ^»  a*  to  retain  the  pointing,  adjust  thebnbble  o< 
t^^  «jrAct^  .*Tvt  «v>th«  ^^nj^r  by  means  of  the  smaU  screws  at  t^ 
r.wT:«^.^  rttd  o<  ;c*  tuN*.  l^>th  Uae  of  sight  and  axis  of  bubble  axe  mm 
fcx^rtsvscitail  *svt  c5t*w<rv>re  parallel  -«"• 

N>«i^  th«?  c^v'  pvH^tton  of  the  hortiontal  wire  In  the  field  is  a  matter 
<ftf  o.-ctv«>fav'^  wamly.  it  ts  best  to  have  It  near  the  middle  ot  the 
e«-.<t  and  U  <att  b*  i^Iacvd  there  by  Inspection  with  all  needful  nr^ 
ctM<m«  ip-''^ 

J^>  •lH'Tf*Tt**r;l^  *»^*'  transit  has  a  vertical  limb  In  additiom 
t»  the  •ttav^^l  «*^^;^  the  Une  of  sight  and  axis  of  the  attached  lev«t 
nwd^  ^\'^li:r'.*^\«l'^^^*^*^^?y  **^<^  preceding  adjustment  should  also 
be  so  ad)tt9t^  that  the  vertical  scale  will  read  zero  when  thev  arS 
horlwflnt^K  U  t^^r»t<?r  of  the  vertical  limb  is  adjustable,  bring  t£e 
bubhlo  of  tW  «ttj*vh«\)  i^e^wl  to  the  center  and  then  adjust  the  vernier 
to  nwid  »  rxv  If  th*  vt^rewr  Is  fixed  the  reading,  when  the  attached 
loTol  ts  horl9vxi<t«K  m«y  ^  tak«u  as  an  Index  error  and  applied  to  all 
reading,  or  fh^nivj  ^''  **«fe^  ^!^  ^*  adjusted  to  the  vernier.  To  do 
this,  establish  a  hortaontal  Hne  from  the  center  of  the  level  to  the  tS? 
«**'  v**l  tF^*'"*i  ^"^  ^H  pm^ing  aOlustment.  Set  the  vertical  limb 
so  that  the  vernier  reads  wro  and  bring  the  Intersection  of  the  vvi™  s 
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onto  th«  target  by  the  top  and  bottom  reticle  screws.  Then  keeping 
the  Intersection  on  the  target,  bring  the  babble  of  the  attached  level 
to  the  center  by  its  adjusting  screws.  The  line  of  sight  and  the  axis 
of  the  attached  level  are  now  parallel  and  are  horizontal  when  the 
vertical  limb  is  at  zero,  which  completes  the  adjustment. 

102.  1J«e  of  the  tramiiit. — To  measure  a  horizontal  angle,  set  up 
over  the  vertex  of  the  angle  to  be  measured,  and  direct  the  telescope 
along  one  of  the  sides  of  the  angle.  Clamp  limb  and  plate — if  the 
latter  is  set  at  zero  it  is  more  convenient — and  with  the  tangent 
screw  of  the  limb  bring  the  intersection  of  the  cross  hairs  on  a  definite 
point  of  the  line.  Read  each  of  the  two  verniers  and  record,  calling 
one  vernier  A  and  one  B.  Unclamp  the  olate — not  the  limb — and 
direct  the  telescope  along  the  other  line.  Clamp  and  bring  the  cross 
hairs  to  a  definite  point  with  the  vernier  tangent  screw.  Read  and 
record  as  before.  Talce  the  differences  of  the  two  readings  A  and  By 
respectively.  If  these  differences  are  the  same,  it  is  the  value  of  the 
angle.  If  not,  take  the  mean  of  the  differences  as  the  value.  For 
greater  accuracy,  the  method  of  repetition  is  used.  After  the 
first  measurement  Is  made,  unclamp  the  limb — ^not  the  plate — and  re- 
sight  on  the  first  point  by  means  of  the  limb  tangent  screw,  and  pro- 
ceed as  before.  The  reading  of  the  vernier  is  now  twice  the  angle. 
Continue  the  repetitions  until  the  desired  number  are  made.  The  last 
reading  divided  by  the  number  of  measurements  is  the  value  of  the 
angle.  To  guard  against  errors,  it  is  well  to  read  and  record  after 
^acn  measurement. 

To  iaea»are  a  vertical  an^lc* — Point  the  instrument ;  clamp 
the  horizontal  motions  and  make  the  readings  on  the  vertical  limb. 
For  greater  accuracy  when  there  is  a  complete  vertical  circle,  revolve 
the  uistrument  through  180**,  plunge  the  telescope,  and  take  new* 
readings.     If  the  results  differ,  use  the  mean. 

To  ran  ont  a  atraiiglkt  line. — Set  up  accurately  over  the  initial 
point.  Point  the  telescope  in  the  required  direction  and  establish  a 
second  point.  These  two  determine  the  line  which  is  to  be  run  out. 
Bet  up  over  the  forward  or  second  point;  lay  the  telescope  on  the 
initial  point ;  clamp  limb  and  plate ;  plunge  telescope  and  set  a  point 
forward.  If  the  adjustments  are  good,  this  third  point  will  be  in  line 
with  the  first  and  second  and  the  line  may  be  prolonged  by  repeating 
tlie  steps  taken  at  the  second  point. 

If  the  adjustments  are  not  good,  set  a  third  point  as  before.  Then 
unclamp  the  limb  and  turn  180**  in  azimuth  and  lay  on  the  initial 
point.  Clamp  and  plunge  again  and  set  another  third  point  beside 
the  first  one.  Take  the  middle  point  between  the  two  for  the  true 
third  point.  This  method  eliminates  errors  of  adjustment,  except 
those  of  the  plate  levels.  These  are  so  easily  observed  and  corrected 
that  they  should  never  exist  when  close  work  is  required. 

103.  Traversimar* — The  transit  must  be  set  at  each  station  with 
the  O-180*  line  of  the  azimuth  circle  parallel  to  its  position  at  pre- 
ceding stations.  This  is  called  carrylnar  an  asimnth.  The  direc- 
tion chosen  for  the  0-180°  line  is  usually  the  true  N.  and  S.,  or  as 
near  it  as  data  at  hand  will  permit. 

Having  observed  the  second  station  from  the  first,  proceed  to  the 
second,  set  up,  and  set  one  of  the  verniers  at  its  reading  from  the  first 
to  the  second  station,  plus  180*",  or  at  the  back  asln&nth.  Point  at 
the  first  station  and  clamp  the  limb.  The  line  0-180**  is  now  in  a 
position  parallel  to  that  at  the  first  station.  Unclamp  the  plate» 
direct  the  telescope  to  the  third  station,  and  proceed  as  before. 

104.  Stadia  tmr-vcYing,  or  stadia  work»  is  in  theory  the  de- 
termination of  the  distance  of  an  object  along  the  line  of  sight  from 
the  size  of  its  image  in  a  telescope.  In  usual  practice  it  is  tne  deter- 
mination of  the  distance  from  the  size  of  the  object  at  that  distance 
which  is  required  to  produce  an  image  of  a  fixed  size  in  the  telescope. 
The  sizes  of  objects  required  to  produce  an  image  of  fixed  size  are 
directly  proportional  to  their  distances  from  the  point  over  which  the 
telescope  is  set.  This  hypothesis  is  not  rigidly  correct,  but  the  theo- 
retical error  is  small  and  the  practical  errors  negligible. 
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The  llmitii  of  thft  Imase  in  the  telescope  are  fixed  by  two  hori- 
zontal wires  in  the  reticle,  called  stadia  Tvlres,  one  above  and  one 
below  the  middle  wire,  and  at  nearly  ^qual  distances  from  It.  The 
object  most  convenient  to  use  Is  a  arraduated  rod  held  vertically. 
Special  graduations  are  used,  presenting  a  variety  of  forms,  so  that 
different  units  may  be  recognized  as  far  as  the  rod  can  be  seen,  and 
so  also  that  small  readings  may  be  taken  by  estimating  the  position 
of  the  wire  on  a  diagonal  line.  Very  many  different  forms  of  stadia 
graduations  have  been  proposed,  and  most  experienced  stadia  workers 
have  special  forms  which  tney  consider  better  than  any  other.  Figure 
80  shows  a  form  which  has  received  \i^ide  approval  and  may  safely  be 
accepted  as  one  of  the  best. 

Wires  can  hot  be  placed  in  reticles  exactly  at  predetermined  dis- 
tances, even  though  the  places  for  them  are  accurately  marked  by  the 
maker.  They  must  be  placed  as  accurately  as  possible,  and  their 
actual  distances  determined  afterwards.  Hence  stadia  rods  are  not 
in  the  market  as  level  rods  are,  but  must  be  made  for  each  instru- 
ment. To  minimize  error  of  refraction,  the  upper  wire  should  be 
placed  on  the  primary  division  nearest  the  top  of  the  rod  and  the 
graduations  counted  downward.  Rods  should  be  of  light,  straight- 
grained,  well-seasoned  wood,  12  to  14  feet  long,  5  Inches  wide,  and 
I  Inch  thick,  dressed  smooth  all  around,  and  covered  with  two  coats 
of  white  paint. 

To  firfadaate  tlie  rod,  set  the  transit  up  over  a  point,  and  from 
the  point  measure  off  a  distance  in  round  hundreds  of  feet  so  that 
at  that  distance  somewhat  more  than  half  of  the  rod  falls  between 
the  stadia  wires.  Set  the  top  wire  near  the  top  of  the  rod,  and 
have  the  point  where  each  wire  cuts  the  rod  carefully  marked. 
Measure  the  distance  between  the  extreme  marks  and  divide  It  by  the 
number  of  hundreds  of  feet  In  the  distance  of  the  rod  from  the 
transit  point.  The  result  is  the  length  on  the  rod  corresponding  to 
100  feet.  Lay  this  distance  off  on  the  rod,  beginning  near  the  top 
and  repeating  to  the  bottom.  Divide  each  100-foot  space  according 
to  the  style  chosen,  and  mark  the  graduations.  All  distances  reaa 
on  this  rod,  except  the  one  at  which  the  length  of  graduation  was 
found,  will  be  slightly  In  error ;  those  less,  too  small ;  and  those 
gi  eater,  too  large. 

A  rod  may  be  so  graduated  as  to  be  practically  free  from  error. 
Mark  the  zero  near  tue  top  of  the  rod.  Set  the  rod  up  at,  say,  100 
feet,  bring  the  ton  wire  to  the  zero,  and  mark  the  bottom  one. 
Carry  the  rod  to  200  feet  and  repeat  the  operation.  Continue  at 
intervals  of  100  feet  until  the  full  length  of  the  rod  falls  between 
the  wires.  Each  of  the  marks  corresponds  to  the  distance  at  which 
it  was  made,  and  the  space  between  it  and  the  next,  to  the  corre- 
sponding 100-foot  Interval.  The  100-foot  divisions  are  not  exactly 
of  equal  length,  and  each  must  be  divided  into  equal  parts  and 
marked.  In  using  this  rod,  the  top  wire  must  be  always  at  the  top 
of  the  rod,  and  the  same  end  of  the  rod  always  up,  or  error  will  be 
Introduced.  For  long  distances  the  reading  from  the  top  to  the 
middle  wire  may  be  taken  and  multiplied  by  the  ratio  of  the  full  to 
the  partial  interval.  This  ratio  should  be  determined  with  care  and 
may  be  utilized  to  secure  a  reading  when  all  the  rod  can  not  be 
seen  and  which  would  other\t^lse  be  lost. 

The  stadia  is  used  in  connection  with  a  transit  with  vertical  limb, 
or  a  plane  table.  By  reading  a  stadia  rod  through  either  instru- 
ment and  noting  the  gradient  and  azimuth  at  the  same  time,  a 
point  may  be  completely  determined  both  in  position  and  elevation 
at  a  single  observation.  The  distance  measured  is  along  the  gi*a- 
dlent,  and  may  be  reduced  to  the  horizontal  if  desired,  by  Table  XII. 
The  elevation  is  obtained  from  Table  III.  Before  reading  the  ver- 
tical circle,  depress  the  telescope  until  the  middle  wire  Is  on  a  rod 
graduation  at  the  same  distance  from  the  bottom  that  the  telescope 
is  above  the  station  or  the  ground. 

These  instructions  will  Introduce  some  error  If  the  rod  Is  always 
held  vertical.     It  amounts  to  1  per  cent  of  the  distance  for  a  gra- 
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dient  of  8*,  2  per  cent  for  11*,  and  3  per  cent  for  14*.  In  rough 
country,  giving  important  sights  at  gradients  of  more  than  5**,  it 
will  be  better  to  attach  a  short  pointer  to  the  rod  perpendicular  to 
its  face  and  at  about  the  height  of  the  rod-holder's  eye.  If  the 
rod  holder  aims  this  pointer  at  the  instrument  when  the  sight  is 
taken,  the  rod  will  always  be  perpendicular  to  the  line  of  sight,  and 
the  method  of  reduction  explained  will  give  results  free  from  this 
error. 

A  scale  of  equal  parts,  as  a  level  rod,  may  be  used  instead  of  a 
specially  graduated  stadia.  Take  two  careful  readings  at,  say,  100 
and  200  feet.  Their  difference  is  the  true  reading  for  100  feet. 
Divide  100  by  the  reading.  The  quotient  is  a  factor,  by  which  any 
other  reading  may  be  multiplied,  and  the  product  will  be  the  cor- 
responding distance.  Example :  If  the  readings  on  a  level  rod  are 
1.15  feet  for  100  feet,  2.29  feet  for  200  feet,  then  2.29  — 1.15  =-  1.14 
feet,  the  true  reading  for  100  feet  100-^1.14— 88  + ,  which  is  the 
reduction  factor.  Any  reading  on  a  scale  of  equal  parts  with  this 
telescope,  multiplied  by  88  +  is  the  distance  of  the  scale  from  the 
instrument  in  the  unit  of  the  scale. 

105.  ESngrineer's  level. — This  instrument  is  shown  and  its  parts 
indicated  in  figure  82.  To  use  it,  set  up  and  focus  as  described  for 
the  transit,  except  that,  as  there  is  but  one  level,  the  telescope  must 
be  turned  in  the  direction  of  one  pair  of  leveling  screws  and  leveled, 
and  then  turned  in  the  direction  of  the  other  pair  and  leveled  again; 
The  second  leveling  may  disturb  the  first,  which  should  be  retested. 

1st  adjustment. — ^To  fix  the  intersection  of  the  cross  wires  in 
the  axis  of  the  telescope: 

Lay  the  telescope  exactly  on  some  definite  point.  Revolve  it  in  the 
wyes  until  the  attached  level  is  on  top.  If  the  horizontal  wire  now 
appears  above  or  below  the  point,  move  it  over  half  the  space  between 
its  position  and  the  point  by  the  top  and  bottom  reticle  screws  and 
the  other  half  by  the  main  leveling  screws  of  the  instrument.  Re- 
volve the  telescope  in  the  wyes  till  it  is  again  In  the  first  position 
and  repeat  the  operation  till  the  horizontal  wire  neither  ascends  nor 
descends  when  the  telescope  is  revolved  In  the  wyes.  A  similar 
process  adjusts  the  vertical  wire. 

2d  adjnstment. — To  make  the  axis  of  the  attached  level  parallel 
to  the  axis  of  the  telescope : 

Clamp  the  level ;  turn  the  telescope  in  the  wyes  until  it  comes 
against  the  stop,  and  with  the  main  leveling  screws  bring  the  bubble 
to  the  middle  of  the  tube.  Open  the  loops,  lift  out  the  telescope, 
put  it  back  with  ends  reversed,  and  turn  it  in  the  wyes  till  it  comes 
against  the  stop  again.  If  the  bubble  settles  away  from  the  middle 
of  the  tube,  bring  it  back  by  raising  the  lower  end  or  depressing  the 
higher  end,  one-half  by  the  vertical  adjusting  screw  at  the  end  of 
the  attached  level  and  one-half  by  the  main  leveling  screws.  Repeat 
all  the  operations  until  the  bubble  remains  In  the  middle  Of  the  tube 
without  reference  to  the  way  the  telescope  is  placed  in  the  wyes. 
The  axes  of  the  telescope  and  of  the  level  are  now  horizontal,  but  not 
necessarily  parallel.  Turn  the  telescope  slowly  in  the  wyes  through 
a  small  angle.  If  the  bubble  does  not  remain  at  the  middle  point  of 
its  tube,  brings  it  back  by  the  horizontal  adjusting  screws  of  the 
attached  level.  If  both  parts  of  the  adjustment  are  perfect,  the 
bubble  should  now  remain  at  the  middle  of  its  tube  whether  the 
latter  is  directly  under  the  telescope  or  a  little  to  one  side.  In 
practice  it  will  be  found  difficult  to  complete  the  first  of  the  adjust- 
ment in  a  satisfactory  manner  Independently  of  the  second  part.  The 
best  sequence  is  to  make  the  first  part  roughly ;  thon  the  second  part 
carefully ;  then  the  first  part  again  more  carefully,  and  so  on  till 
the  desired  permanency  of  bubble  position  Is  attained. 

3d  adjustment. — ^To  make  the  axis  of  the  wyes  perpendicular 
to  the  vertical  axis  of  the  instrument : 

This  adjustment  is  not  essential,  but  it  is  a  convenience,  as  it 
permits  ihe  telescope  to  be  revolved  about  the  vertical  axis  without 
releveling  before  a  reading  is  made.     Level  the  instrument  in  any 
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position ;  revolve  it  180.**  about  the  vertical  axis  and  correct  one-half 
the  movement  of  the  bubble  by  adjustin^^  the  movable  wve.  Repeat 
for  a  check.  As  a  final  check  level  the  instrument  when  the  telescope 
is  over  one  set  of  leveling  screws.  Revolve  90**  and  again  level. 
The  bubble  should  now  remain  in  the  middle  of  its  tube  while  the 
instrument  Is  slowly  revolved  about  the  vertical  axis.  To  do  accurate 
leveling  it  is  necessary  to  check  the  adjustments  frequently  and  nlake 
all  observations  with  the  greatest  care. 

I^evel  rods  are  of  two  kinds,  targret  and  self-readins  or 
speaklngr.  The  target  rod  is  finely  graduated  and  has  a  mot^l  tar- 
get sliding  on  it,  which  ia  graduated  as  a  vernier.  The  levelman 
signals  to  the  roaman,  who  moves  the  target  up  or  down  until  it  Is 
in  the  right  position^  when  the  reading  is  taken  by  the  rodman,  or 
else  the  rod  is  earned  to  the  levelman  to  be  read.  The  ordinary 
form  is  the  New  York  rod  (fig.  81),  The  rod  proper  Is  in  two  parts, 
which  slide  on  each  other.  For  readings  up  to  6i  feet  the  target 
is  moved  on  the  rod  and  read  from  the  graduation  on  the  front 
part  by  a  vernier  on  the  target.  For  greater  readings  the  target  is 
clamped  at  6i  feet  and  the  back  part  of  the  rod  slid  up  on  the 
front  part,  the  reading  being  taken  from  a  scale  on  the  aide  of  the 
back  part  by  a  vernier  on  the  side  of  the  front  part.  The  rod  is 
graduated  to  one-hundredths  of  feet,  and  the  verniers  read  to  one- 
thousandths. 

For  convenience  of  field  use  flexible  rods  are  made,  which  roll  up 
for  carrying,  and  are  stretching  on  a  board  for  use.  They  may  even 
be  held  In  the  hand.  A  common  form  is  shown  in  figure  79.  There 
is  also  a  form  consisting  of  a  series  of  aluminum  plates  1  foot  long, 
graduated,  which  may  be  fastened  end  to  end  on  a  board  to  form  a 
level  rod, 

106.  Use  of  the  level. — ^The  first  sight  to  any  point  is  the  fore 
migfkt  (F.  S.),  and  a  later  sight  to  the  same  point  from  a  new  posi- 
tion of  the  instrument  is  a  back  slflplit  (B.  S.).  All  the  elevations 
observed  at  any  station  depend  upon  the  B.  S.  at  that  station.  A 
Itencli  mark  (B.  M.)  is  a  point  especially  selected  or  prepared  with 
a  view  to  definiteness  and  permanency.  A  tarninar  point  (T.  P.)  Is 
a  temporary  point  used  for  a  B.  S.  The  plane  of  reference  for  each 
instrument  station  is  the  horizontal  plane  through  the  line  of  sight 
of  the  telescope,  called  Itelgrltt  of  inatrnment  (H.  I.).  A  B.  S. 
is  a  sidbt  taken  to  a  point  of  known  elevation  to  determine  H.  I. 
A.  F.  S.  is  taken  from  a  known  H.  I.  to  determine  the  elevation  of 
the  point  sighted  on.  The  rod  readings  are  the  distances  of  points 
below  the  plane  of  reference,  and  for  the  same  station  their  differ- 
ences are  the  differences  of  level  of  the  points  themselves.  For  the 
difference  of  elevation  of  points  observed  from  different  stations  the 
H.  I  must  be  considered,  and  hence  it  must  be  worked  out  for  each 
station  and  the  rod  readings  subtracted  from  it. 

Fore  sights  and  back  sights  on  the  same  point  should  be  as  nearly 
as  possible  of  equal  length. 

107.  Notes. — The  clearest  way  of  recording  level  notes  is  in  the 
following  form : 


Remarks. 


B.8. 

+ 

n.i. 

F.  S. 

• 

El. 

Station. 

8.75 

108. 75 

"*6.'4i* 
3.28 
5.37 

9.74 

100.00 
102.34 
105.41 
103.38 

99.01 
99.01 

•     1 

B.  M.  21 

T.  P. 
T.  P. 

■^^ 

106.61 

NE.  corner  Main  and  Twelfth  Streets. 
Stake  132. 

Center  of  Twelfth  Street  at  top  of  grade. 
Center  of  Twelfth  Street  at  bottom  of 
grade. 
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Add  the  3.  S.  to  the  elevation  dt  the  B.  M.  or  T.  P.  for  the  H.  I. 
Subtract  the  F.  S.  from  the  H.  I.  Ilor  the  elevation  of  a  point.  As  a 
check,  the  H.  I.  at  any  B.  M.  or  T.  P.  plus  the  F.  S.  to  that  point, 
minue  the  B.  S.  from  tnat  point,  equals  the  last  preceding  H.  I. 

108.  Tlie  sextant. — This  instrument  is  shown  and  Its  parts  indi- 
cated in  figures  78  and  83.  The  former  is  a  very  compact  form, 
called  the  pocket  sextant,  and  is  the  one  in  most  general  use  in 
the  military  service.  The  larger  form  (fig.  83)  has  telescopes  of  dif- 
ferent powers  and  also  a  telescope  tube  without  lenses  which  Is  used 
for  reconnaissance  work  at  short  ranges.  The  pocket  sextant  has  a 
telescope  for  use  in  astronomical  and  long-range  terrestrial  work. 
For  ordinary  reconnaissance  and  surveying  the  pocket  sextant  is  used 
without  the  telescope,  the  sight  being  taken  through  a  small  hole  in 
the  slide  which  closes  the  telescope  opening. 

Tbe  adjnstments  are   as   follo^Ts:   For  the  index   grlass, 

fdace  the  vernier  at  about  30°  of  the  limb  and  examine  the  arc  and  its 
mage  In  the  Index  glass.  If  the  arc  and  Image  appear  continuous  the 
glass  is  in  adjustment.  If  the  image  appears  above  the  arc  the  mirror 
leans  forward ;  if  below,  it  leans  backward.  Adjust  with  screws  if 
provided,  or  with  slips  of  paper  inserted  between  the  mirror  and  Its 
frame 

For  tbe  horizon  stIass. — Set  at  zero  and  observe  a  well-defined 
distant  point,  using  the  telescope.  If  the  direct  and  reflected  Images 
coincide,  the  horizon  glass  is  in  adjustment.  If  not,  adjust  it  until 
they  do,  or  if  that  can  not  be  conveniently  done,  move  the  arm  a 
short  distance  from  zero  until  coincidence  occurs.  Read  the  vernier 
and  apply  that  reading  with  its  proper  sign  to  all  angles  measured. 
Such  a  reading  applied  as  a  correction  Is  called  the  index  error. 
If  the  Index  error  is  off  tlie  arc,  that  is,  between  zero  and  the  end, 
it  is  additive.     If  on  tlie  are,  subtractive. 

In  the  pocket  form  the  horizon  glass  only  Is  adjustable.  To  ad- 
just the  pocket  sextant,  select  a  distant  object  with  a  clearly 
defined  straight  outline.  Set  the  vernier  carefully  at  the  zero  of  the 
arc  and  look  at  the  object  through  the  peephole  and  the  lower  portion 
of  the  horizon  glass.  Turn  the  sextant  about  the  line  of  sight  as  an 
axis  until  the  straight  line  appears  to  be  perpendicular  to  the  straight 
bottom  edge  of  the  horizon  glass.  If  the  Instrument  is  not  perfectly 
adjusted  for  this  position  the  straight  line  of  the  observed  object  will 
appear  broken,  in  which  case  unscrew  the  smaller  milled  head  of  the 
top  plate,  and,  using  its  small  end  as  a  key,  turn  the  single  adjusting 
screw  in  the  cylindrical  surface  whije  looking  at  the  object  througn 
the  peep.  The  part  of  the  Image  seen,  in  the  mirror  will  appear  to 
move,  and  by  turning  the  key  in  the  proper  direction  the  two  parts 
may  be  brought  together.  Next  turn  the  sextant  about  60"  about  the 
line  of  si^t,  and  if  the  straight  line  again  appears  broken  use  the  key 
to  slightly  loosen  one  of  the  two  adjusting  screws  In  the  top  plate 
while  looking  through  the  instrument.  If  this  brings  the  two  parts 
nearer  In  line  the  proper  screw  has  been  selected ;  if  not  try  the  other 
one.  Then  turn  tne  two  adjusting  screws  in  the  top  plate  by  corre- 
sponding amounts  and  in  opposite  directions  and  continue  turning 
them  altemateiy  till  the  straight  line  becomes  continuous.  The  two 
screws  are  opposed  to  each  other,  and  care  must  be  taken  to  use  no 
considerable  force  and  to  always  unscrew  one  before  screwing  up  the 
other.  When  the  adjustment  is  complete  the  line  should  remain  con- 
tinuous and  straight  while  the  sextant  is  slowly  revolved  about  the 
line  of  sight.  If  the  index  arm  is  then  moved  back  and  forth  by  turn- 
ing the  large  milled  head  the  refiection  of  any  object  may  be  made  to 
pass  exactly  over  that  object  as  seen  through  the  clear  glass. 

ITor  adjnstinsr  at  nigrht,  screw  the  telescope  in  place.  Pull  its 
inner  tube  well  out.  Remove  the  sunglass  from  the  eyepiece.  FOcus 
the  telescope  on  a  bright  star  by  pushing  In  the  tube  tlU  the  image 
of  the  star  is  clear.  Then,  by  turning  the  large  milled  head,  make 
the  star's  reflected  image  pass  through  the  field  of  view.  If  it  doe" 
not  pass  exactly  over  the  stationary  Image  of  the  star,  adjust  " 

94346<'—17 7 


TIELD  KUnTAL. 


BECOHHAISSAirCS.  U5 

horixon  g^Iass  with  the  two  screws  in  the  top  plate  tiU  one  imase 
will  pass  exactly  over  tbe  other.  Next  set  the  yemler  accurately 
to  the  zero  of  tbe  arc,  and  with  the  single  adjusting  screw  in  the 
cylindrical  surface  make  the  two  Images  appear  as  one.  The  instru- 
ment is  then  completely  adjusted.  The  daylight  method  is  most 
convenient,  but  it  is  well  to  test  the  adjustment  by  the  star  method 
before  attempting  to  do  any  astronomical  work. 

In  the  cylindrical  surface  Just  below  the  zero  degree  end  of  the 
arc  are  two  projecting  levers  which  move  colored  glasses  to  be  used 
In  looking  at  the  sun.     At  other  times  these  glasses  should  be  de- 

Eressed  through  the  opening  in  the  bottom  plate  by  first  sliding  the 
rass  stud  in  the  plate  and  then  pushing  the  two  levers.  The  tele- 
scope also  has  a  colored  sunglass  secured  on  the  eye  end  which  must 
be  removed  when  observing  any  other  object. 

109.  The  pUtme  table. — ^The  instrument  is  shown  and  its  parts 
indicated  in  figure  84. 

The  adjustments  are  analogous  to  those  of  the  transit,  tbe  table 
corresponding  to  the  limb  and  the  ruler  to  the  plate.  In  revolving 
the  plate  for  level  adjustment,  care  must  be  taken  to  have  It  cover 
the  same  part  of  the  table  in  both  positionB  by  marking  two  comers 
on  the  paper.  The  figure  shows  a  device  for  plumbing  any  point  on 
the  table  over  a  given  point  on  the  ground.  Except  for  very  close 
work  on  a  very  large  scale,  this  refinement  is  unnecessary.  For  all 
probable  uses  in  the  military  service  it  is  enough  to  place  the  corre- 
sponding  part  of  the  drawing  over  the  station  by  the  eye. 

110.  Tke  losaritliiit  of  a  number  is  the  exponent  of  the  power 
to  which  a  certain  other  number,  called  the  base,  must  be  ralaied  to 
produce  the  given  number.  The  base  of  the  system  most  used,  called 
eonaxnon  loir*i^Itbin«,  is  10. 

In  any  system — 

The  log.  of  a  product  equals  the  sum  of  the  logs,  of  the  factors. 

The  logs,  of  a  quotient  equals  the  log.  of  the  dividend  minus  the  log. 
of  the  divisor ;  or  the  log.  of  a  common  fraction  equals  the  log.  of  the 
numerator  minus  the  log.  of  the  denominator. 

Tbe  log.  of  1  is  0;  since  the  log.  las  the  log.  *»the  log.  1— log. 
IsbO.  The  log.  of  a  power  of  a  number  equals  the  log.  of  tbe  number 
multiplied  by  tbe  exponent  of  the  power.  The  log.  of  a  root  of  a 
number  equals  the  log.  of  the  number  divided  by  the  index  of  the  root. 

Tliie  flrat  propei^y  above  la  atlltsed  in  the  construction  of 
the  tables.  Each  log.  is  tbe  sum  of  the  logs,  of  two  factors  of  which 
its  number  is  composed,  and  tbe  factors  may  be  so  chosen  that  tbe 
log.  of  one  is  a  whole  number,  called  the  ebaraetertstic,  and  the 
log.  of  the  other  is  a  decimal  fraction,  called  the  mantissa.  Any 
number  may  be  resolved  into  two  factors  one  of  which  is  the  number 
itself  with  the  decimal  point  after  the  first  significant  figure  and 
tbe  other  the  figure  1,  alone,  or  followed  or  preceded  by  one  or  more 
ciphers. 

Thus :  8760«.3.76  X 1000      log.«=3.57518 

876=-3.76  X 100        log.=2.57518 
37.6=3.76  X 10  log.=1.57518 

3.76=-3.76  X 1  log.=0.57518 

0.376«=3.76  X  0.1         log.==f  .57518 
0.0376«=3.76  X  0.01       log.=l57518 
0.00376=3.76  X  0.001     log.=3.57618 
The   log.  of  the  constant  factor,  3.76  in  the  above  examplej^la 
always  a  positive  decimal  fraction,  and  is  called  the  mantissa.    The 
log.  of  the  variable  factor  In  the  third  column  above,  is  a  whole  num- 
6er,   and   may  be  positive  or  negative.     It  is  called  tbe  ebarac*- 
terlatlc.     The  logs,  of  all  numbers  presenting  the  same  combina- 
tion of  significant  figures  have  the  same  mantissa  regardless  of  the 
position    of    the   decimal    point.      Loflrarltbmtc    tables    contain 
maatisaas  only,  since  the  characteristics  may  be  written  by  in- 
spection and  mental  calculation.     To  this  rule  tables  of  logarithnilc 
circular  functions  are  an  exception,  as  will  be  ext^laincd  later.    If  the 
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number  is  ^fvliole  or  mixed,  the  characteristic  of  its  log.  is  positive, 
and  one  less  than  the  number  of  places  of  figures  in  the  integral 
part,  or  on  the  left  of  the  decimal  point.  If  the  number  is  a 
decimal  fraction,  the  characteristic  of  its  log.  is  negative,  and  one 
greater  than  the  number  of  ciphers  Immediately  folloTTlnn:  the 
decimal  point.  See  example  preceding.  If  the  characteristic 
Is  positive,  the  log.  Is  a  mixed  number,  and  may  be  treated  as  such 
in  addition,  subtraction,  multiplication,  and  division. 

If  the  characteristic  Is  negratlvey  the  log.  is  not  a  true  mixed 
number,  and  special  treatment  is  necessary.  A  negative  characteris- 
tic may  be  considered  as  composed  of  two  numbers,  one  negative  and 
the  other  positive.  The  positive  number,  prefixed  to  the  mantissa, 
forms  a  mixed  number  for  arithmetical  operations.  The  positive  and 
negative  parts  may  be  simultaneously  increased  numerically  by  the 
same  number  without  altering  the  value  of  the  log. 

Thus: 

3.4281—3  +  0.4281 

-=4  +  1.4281 

^  =•§  +  2.4281,  etc. 

For  example,  to  multiply  f.7265  by  4. 

4  +  0.7265 
4 

16  +  2.9060=  n'.OOeO,  which  is  the  required  resnlt 
To  subtract  T.8432  from  3.1329«»'4  +  1.1329. 

4  + 1.1329 
r+  0.8432 

_  "S  +  0.2897—3.2897. 

To  divide  2.2368  by  7.     2.2368=7  +  5.2368. 

7  +  5.2368  ^Y  ^  0.7481=1,7481 

In  this  case  the  number  added  to  the  minus  characteristic  should  be 
just  enough  to  make  it  exactly  divisible  by  the  divisor. 

In  the  logs,  of  circular  functions  a  characteristic  is  given  in  the 
tables  which  is  larger  by  10  than  the  true  characteristic.  These  logs, 
may  be  used  by  the  above  rule  by  proflxing  TO  to  each.  Thus  the 
log.  sine  of  21  min.  as  given  in  the  table=7.78594.  The  true  log.  is 
IS  +7.78594,  or  3.78594.  Those  who  are  familiar  with  the  use  of 
these  logs,  perform  the  operation  on  the  10  mentally.  The  Inexperi- 
enced will  do  well  to  write  them  out  in  full. 

111.  Explanation  of  the  tahle. — Table  XIII  gives  to  five  deci- 
mal places  the  common  logs,  of  numbers  from  0  to  999  directly  and  by 
interpolation  from  0  to  9999.  If  the  log.  of  a  number  larger  than 
10000  is  desired,  factor  it  and  take  the  sum  of  the  logs,  of  the 
factors.  Thus  log.  99225=log.  of  75000  plus  the  log.  of  1.323= 
4.87506  +  0.12156=4.99662.  Or  convert  the  number  into  a  mixed 
'  number  less  than  1000  and  find  its  log.  Thus  log.  992.25=992  +  i 
diff.  between  992  and  993=99662,  which  Is  the  mantissa  for  99225. 

In  the  table  the  logs,  of  2  to  9  inclusive  are  found  at  the  tops  of 
the  columns.  For  numbers  above  10,  the  first  two  figures  are  in  the 
first  column,  the  third  at  the  tops  of  the  columns,  and  the  fourth  is 
interpolated.  The  right-hand  column  contains  the  average  difference 
in  each  line  between  logs,  in  successive  columns.  For  the  fourth 
place  multiply  ^  of  the  difference  on  the  same  line  by  the  fourth 
figure  and  add  the  product  to  the  log.  of  the  first  three  figures. 
Thus : 

To  find  the  log.  of  4827,  look  for  48  In  the  left-hand  column ;  follow 
the  line  to  the  column  headed  2  and  take  out  the  mantissa  .88304 
for  the  number  482.  In  the  right-hand  column  on  the  same  line  is 
the  difference  90,  ^  of  which,  9,  mnltlplied  by  the  fourth  figure  7,  — > 
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63.  to  be  added  to  the  log.  of  482,  making  the  mantissa  of  4827-» 
.68367.  The  characteristic,  is  3  car  IJess-tnan  the  number  of  places 
of  integral,  figures  in  the  number.  Hence  the  complete  log.  of  4827 
is  3.68367. 

When  the  difference  exceeds  200,  if  close  results  are  desired,  use 
the  difference  obtained  by  subtracting  the  number  found  for  the 
third  figure  from  that  in  the  column  for  the  next  higher  figure. 

Tlae  number  correapondlnflp  to  any  loar.  may  be  obtained 
from  the  table  by  the  inverse  process.  If  the  given  log.  is  found  in 
the  table,  the  corresponding  number  consists  of  the  two  figures  on  the 
left  of  the  line,  followed  by  the  one  at  the  top  of  the  column.  If  the 
exact  log.  Is  not  in  the  table,  find  the  next  one  below  and  take  out 
the  three  figures  for  that.  Take  the  difference  between  the  given 
log.  and  the  one  found  In  the  table  next  below  it  and  divide  this 
dill,  by  tVj  the  tabulated  dlff.  on  the  line.  Write  down  the  quotient 
for  the  fourth  figure  of  the  required  number. 

Thus  to  find  the  number  corresponding  to  1.49638.  This  is  not 
in  the  table  and  the  next  below  is  49554.  The  two  figures  on  the 
left  of  the  line  are  31  and  the  figure  at  top  of  column  is  3.  Hence 
313  is  the  number  corresponding  to  49554.  The  difHerence  between 
49638  and  49554  is  74,  which,  divided  by  14  or  ^  of  the  tabulated 
diff.  138  on  the  right  of  the  line,  gives  a  quotient  of  5  +  to  be  set 
down  as  the  fourth  figure.  Hence  the  number  required  is  0.3135, 
since  the  characteristic  is  1,  and  therefore  the  significant  figures  are 
immediately  after  the  decimal  point. 
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113. 

Tablb  Z 

av— c 

OHiMlMft 

losaxitknui  of  elrrBlmr  fvmetioHst 

Arc. 

Sine. 

Difl. 

Cosino.  )    DilT. 

Tang. 

Piff. 

Cotang. 

0    00 

Intneg. 

la  00000 

Inf.  neg. 

InLpos. 

o             . 

90    00 

01 

6.46373 

10.00000 

6.46373 

13.53627 

59 

03 

.76476 

30108 

10.00000 

.76476 

30103 

.23524 

58 

OS 

6.9406$ 

17600 

lO.OOOOO 

6.94085 

17609 

13.05915 

57 

04 

7.06679 

12494 

10.00000 

7.06579 

12494 

12.93421 

56 

05 

.10270 

9691 

lO.OOOOO 

>••■■  •*•• 

.16270 

9691 

.83730 

55 

06 

.24188 

7918 

9.  WfvaV 

.24188 

7918 

.75813 

54 

07 

.30683 

6694 

.  yVaVv 

.30683 

6694 

.69117 

53 

08 

.86683 

6800 

.99999 

.36682 

5800 

.63318 

52 

09 

.41797 

5115 

.  99999 

.41797 

5115 

.58203 

51 

10 

.46373 

4676 

.  VHvav 

.46373 

4676 

.53627 

50 

11 

7.60512 

4139 

9. 99999 

7.50512 

4139 

12.49488 

49 

12 

.54291 

3779 

a  VVITilll 

.54291 

3779 

.45709 

48 

U 

.57767 

3476 

QQOOQ 

.57767 

3476 

.42233 

47 

14 

.60985 

3218 

.99999 

.60986 

3219 

.39014 

46 

15 

.63982 

2996 

.  99999 

.639S2 

2996 

.36108 

45 

16 

.66784 

2803 

.99999 

.66785 

2803 

.33215 

44 

17 

.69417 

3633 

. 99999 

.69418 

2633 

.30582 

43 

18 

.71900 

2482 

.99999 

.71900 

2482 

.28100 

42 

19 

.74348 

2348 

.  99Hjr9 

.74248 

2348 

.25752 

41 

30 

.76476 

2227 

.99999 

.76476 

2228 

.23524 

40 

21 

7.78594 

2119 

Q  OODOQ 

7.78605 

2119 

12.31405 

39 

22 

.80615 

2020 

oooao 

.80615 

2020 

.19384 

38 

2S 

.82545 

1930 

.99999 

■>••*>>> 

.82546 

1931 

.17454 

37 

24 

.84393 

1848 

.9V9W 

.84394 

1848 

.15606 

30 

25 

.86166 

1778 

. 99999 

.86167 

1773 

.13833 

35 

26 

.87860 

1708 

. 99999 

.87871 

1704 

.12129 

34 

27 

.89508 

1639 

.99999 

.89510 

1639 

.10400 

33 

28 

.91088 

1580 

•  99999 

.91089 

1579 

.08911 

32 

29 

.98612 

1524 

.99993 

.93^3 

.   1524 

.07387 

31 

30 

.94084 

1473 

.99998 

.94086 

1473 

.05814 

30 

31 

7.95508 

1424 

9.99998 

7.95510 

1424 

12.04490 

29 

32 

.96887 

1379 

.99998 

.96889 

1379 

.03111 

28 

33 

.98223 

1836 

.99998 

.98225 

1336 

.01775 

27 

34 

7.99530 

1297 

.99998 

7.99523 

1297 

12.00478 

28 

35 

8.00779 

1259 

.99998 

8.00781 

1259 

11.99219 

25 

36 

.02002 

1223 

.99998 

.02004 

1223 

.97996 

24 

37 

.03193 

1190 

.99997 

.03194 

1190 

.96805 

23 

38 

.04350 

1158 

.99997 

.04353 

1158 

.96647 

23 

30 

.05478 

1128 

.99997 

.05481 

1138 

.94519 

21 

40 

.06578 

1100 

.99997 

.06581 

1100 

.93419 

20 

0    41 

8.07660 

1073 

9.99997 

8.07653 

1072 

11.92347 

19 

42 

.08696 

1046 

.99997 

.08700 

1047 

.91300 

18 

43 

.09718 

1022 

.99997 

.09722 

1022. 

.90278 

17 

44 

.10717 

998 

.  99990 

.10720 

999 

.89280 

16 

45 

.11693 

976 

.  99996 

.11696 

976 

.88304 

15 

46 

.12647 

954 

.  99996 

.12651 

955 

.87349 

14 

47 

.13581 

934 

.09996 

.13585 

984 

.86415 

13 

48 

.14495 

914 

.99996 

.14500 

915 

.85500 

12 

49 

.15391 

895 

•  99996 

.15395 

805 

.84605 

11 

50 

.16368 

877 

.99995 

.16273 

878 

.83727 

10 

51 

8.17128 

860 

9.99995 

8.17133 

860 

11.82867 

9 

53 

.17971 

843 

.99995 

.17976 

843 

.82024 

8 

53 

.18798 

827 

.99995 

.18804 

828 

.81196 

7 

54 

.19610 

812 

•  99996 

.19616 

813 

.80384 

6 

55 

.20407 

797 

•  99994 

.20413 

797 

.79587 

5 

"K 

.21189 

782 

.99994 

.31195 

783 

.78P05 

4 

.21058 

769 

•  99994 

.31964 

769 

.78036 

3 

.23713 

755 

OQQQA 

.  vww 

.22719 

755 

.77280 

2 

.33456 

743 

.99994 

.23462 

743 

.76538 

1 

8.34185 

729 

9. 99993 

8.24192 

730 

11. 75808 

89      0 

i. 

Dili. 

Sine     i 

Difl. 

Cotang 

Difl. 

Tang. 

Arc. 

Tablb 
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m  los«rlthaM  of  elretilav  f^MBetlonii — Contd. 


Arc. 


Sine. 


1  00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1  21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


8.24185 
.24903 
.25609 
.26304 
.26988 
.27661 
.28324 
.28977 
.29621 
.30255 
.30879 

8.31495 
.32103 
.32702 
.33292 
.33875 
.34450 
.35018 
.35578 
.36131 
.36678 

8.37217 
.37750 
.38276 
.38796 
.39310 
.39818 
.40320 
.40816 
.41307 
.41792 

8.42272 

.42746 
.43216 
.43680 
.44139 
.44594 
.45044 
.45489 
.45030 
.46366 

8.46798 
.47226 
.47660 
.48069 
.48485 
.48806 
.49304 
.49708 
.50108 
.50504 

8.50807 
.51287 
.51673 
.52065 
.52434 
.62810 
.53183 
.58562 
.58019 

8.54ahB 

CkMliie. 


Difl. 


729 
718 
706 
605 
684 
673 
663 
653 
644 
634 
624 

616 
608 
599 
590 
583 
575 
568 
560 
553 
547 

539 
533 
526 
520 
514 
508 
502 
496 
491 
485 

480 
474 
470 
464 
459 
455 
450 
445 
441 
436 

432 
428 
424 
419 
416 
411 
408 
404 
400 
396 

393 
390 
386 
382 
379 
376 
373 
369 
367 
363 

Dltf. 


Cosijie. 


9.99983 
.99993 
.  99993 
.99993 
.99992 
.99992 
.99992 
.99992 
.90991 
.99991 
.99991 

9.  vvtfvl 

.  WBVoO 

. VvvvU 
. VvvvU 
.  VWitU 

.99989 
.99989 
.99989 
.99988 
.99988 

•  WbDO 

.99988 
.99987 
.99987 
.99987 
.99986 
.99986 
.99986 
.99985 
.99985 

9.99985 
.99984 
.99984 
.99984 
.99983 
.99983 
.99983 
.99982 

•  99982 
.99982 

V.  (Anfol 
.99981 
.99980 
.99980 
.99980 
.99979 
.90979 
.99979 
.99978 
.99978 

9.99977 
.99977 
.99976 
.99976 
.99976 
.99975 

«  WrVf  d 
•  WW/4 

.  WfD<  4 

9.99973 
Sine. 


Difl. 


Tang. 


Diff. 


8.24192 
.24910 
.26616 
.26311 
.28996 
.27669 
.28332 
.28986 
.29629 
.30263 
.30888 

8.31505 
.32112 
.32711 
.33302 
.33886 
.34461 
.35029 
.35589 
.36143 
.36689 

8.37229 
.37762 
.38289 
.38809 
.39323 
.39831 
.40334 
.40830 
.41321 
.41807 

8.42287 
.42762 
.43231 
.43696 
.44156 
. 44611 
.45061 
.45507 
.45948 
.46385 

8. 46817 
.47245 
.47069 
.48089 
.48505 
. 48917 
.49325 
.49729 
.50130 
.5a527 

8.50920 
.51310 
.. 51696 
.52079 
.52459 
.52835 
.53208 
.53578 
.53945 

8. 54308 

CoiAPg. 


Difl. 


730 
718 
706 
695 
685 
673 
663 
654 
643 
634 
625 

617 

607 

599' 

591 

584 

575 

568 

560 

554 

546 

540 
533 
527 
520 
514 
508 
503 
496 
491 
486 

480 
475 
469 
465 
460 
455 
450 
446 
441 
437 

432 
428 
424 
420 
416 
412 
408 
404 
401 
397 

393 
390 
386 
383 
380 
376 
373 
370 
367 
363 

Difl. 


Cotang. 


11.75808 
.75090 
.74383 
.73688 
.73004 
.72331 
-.71668 
.71014 
.70371 
.69737 
.69112 

11.68495 
.67888 
.67289 
.66697 
.66114 
.65539 
.64971 
.64410 
.63857 
.63310 

11.62771 
.62238 
.61711 
.61191 
.60677 
.60168 
.59666 
.59170 
.58679 
.58193 

11.67713 
.57238 
.66768 
.56304 
.55844 
.55389 
.54939 
.54493 
.54052 
.53615 

11.58183 
.52755 
.52331 
.51911 
.51495 
.51083 
.50675 
.50271 
.49870 
.49473 

11.49080 

.48690 
.48304 
.47921 
.47541 
.47165 
.46792 
.46422 
.46055 
11.45692 

Taag 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
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Tablb 

XIV — C^munom   losarithma  of  eirenlar  fvACtlon* — Contd. 

Arc. 

Sine. 

Dlfl. 

Cosine. 

Difl. 

Tang. 

Diff. 

Cotang. 

o   / 

2  00 

8.64282 

363 

V. V9o73 

8.64306 

363 

11.45692 

o    / 

60 

01 

.54642 

360 

.99973 

.64669 

361 

.45331 

69 

02 

.64999 

357 

.99973 

.65027 

358 

.44973 

68 

03 

.55354 

355 

.99972 

.55382 

366 

.44618 

67 

04 

.55705 

351 

.99972 

.56734 

352 

.44266 

56 

05 

.56054 

349 

.99971 

.56083 

349 

.43917 

66 

06 

.56400 

346 

.99971 

.56429 

346 

.43571 

64 

07 

.56743 

343 

.99970 

.56773 

344 

.43227 

53 

OS 

.57084 

341 

.99970 

.57114 

341 

.42886 

52 

09 

.57421 

337 

.99969 

.57452 

338 

.42548 

51 

10 

.67757 

836 

.99969 

.57788 

336 

.42212 

50 

11 

8.58069 

332 

9.99968 

8.58121 

333 

11.41S79 

49 

12 

.58419 

330 

.99968 

.58451 

330 

.41549 

48 

13 

.58747 

328 

.99967 

.58779 

328 

.41220 

47 

14 

.59072 

325 

.99967 

.50105 

326 

.40895 

46 

15 

.59395 

323 

.99966 

.50428 

323 

.40572 

46 

16 

.59715 

320 

.99966 

.59749 

321 

.40251 

44 

17 

.60033 

318 

.99965 

.60068 

319 

.39932 

43 

18 

.60349 

316 

.99965 

.60384 

316 

.39316 

42 

19 

.60662 

313 

.99964 

.60698 

314 

.39302 

41 

20 

.60973 

311 

.99964 

.61009 

311 

.38991 

40 

21 

8.61282 

309 

9.99963 

8.61319 

310 

11.38681 

89 

22 

.61589 

307 

.99963 

.61626 

307 

.38374 

38 

23 

.61894 

305 

.99962 

.61931 

305 

.38069 

37 

24 

.62196 

302 

.99962 

.62234 

303 

.37766 

36 

25 

.62496 

300 

.99961 

.62535 

301 

.37465 

35 

26 

.62795 

299 

.99961 

.62834 

299 

.37166 

34 

27 

.63091 

296 

.99960 

.63131 

297 

.36869 

33 

28 

.63385 

294 

.90960 

.63426 

295 

.36574 

32 

29 

.63678 

293 

.99959 

.63718 

292 

.36282 

31 

30 

.63968 

290 

.99959 

.64009 

291 

.85991 

30 

31 

8.64256 

288 

9.99958 

8.64298 

289 

11.35702 

29 

32 

.64543 

287 

.99957 

.64585 

287 

.35415 

28 

33 

.64827 

284 

.99957 

.64870 

285 

.35130 

27 

34 

.65110 

283 

.99956 

.65154 

284 

.34846 

26 

35 

.65391 

281 

.99956 

.65435 

281 

.34565 

25 

36 

.65670 

279 

.99955 

.65715 

280 

.34285 

24 

37 

.65947 

277 

.99955 

.65993 

278 

.34007 

23 

38 

.66223 

276 

.99954 

.66269 

276 

.337.31 

22 

39 

.66497 

274 

.99953 

.66543 

274 

.33457 

21 

40 

.66769 

272 

.99953 

.66816 

273 

.33184 

20 

2  41 

8.67039 

270 

9.99952 

8.67087 

271 

11.32913 

19 

42 

.67308 

269 

.99952 

.67356 

269 

.32644 

18 

43 

.67575 

267 

.99951 

.67624 

268 

.32376 

17 

44 

.67840 

265 

.99951 

.67890 

266 

.32110 

16 

45 

.68104 

264 

.99950 

.68154 

264 

.31846 

15 

46 

.68366 

262 

.99949 

.68417 

263 

.31583 

14 

47 

.68627 

261 

.99949 

.68678 

261 

.31322 

13 

48 

.68886 

259 

.99948 

.68938 

260 

.31062 

12 

49 

.69144 

258 

.99947 

.69196 

258 

.30604 

11 

50 

.09400 

256 

.99947 

.69453 

257 

.30547 

10 

51 

8.69054 

254 

9.99946 

8.69708 

255 

U.30992 

9 

52 

.69907 

253 

.99946 

.69962 

254 

.30038 

8 

53 

.70169 

252 

•  V&Hrlv 

.70214 

252 

.29786 

7 

54 

.70409 

250 

.99944 

.70465 

251 

.29635 

6 

55 

.70658 

249 

.99944 

.70714 

249 

.80286 

5 

.70905 

247 

.  WlMo 

.70962 

248 

.29038 

4 

.71151 

246 

.99942 

.71206 

246 

.28792 

3 

.71395 

244 

.  W94« 

.71453 

246 

.28647 

.  2 

.71638 

243 

.99941 

.71607 

244 

.38303 

1 

3.71880 

242 

9.99940 

8.71940 

243 

11.28060 

87  0 

loaiiie. 

Dill. 

Sine. 

Dili. 

Cotaa^ 

Dill. 

Tang. 

Arc. 

BECOKKAISSAHCE. 
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Arc. 

Sine. 

Difl. 

Cosine. 

Diff. 

Tang. 

Difl. 

Cotang. 

0    / 

3  00 

8.71880 

242 

9.  WW40 

8.71940 

243 

IL  28060 

O   f 

60 

01 

.72120 

240 

. 99940 

.72181 

241 

.27819 

59 

02 

.72350 

239 

. 99939 

.72420 

239 

.27579 

58 

OS 

.72597 

238 

.99938 

.72659 

239 

.27341 

57 

04 

.72834 

237 

.99938 

.62896 

237 

127104 

56 

05 

.73009 

235 

.99937 

.73132 

236 

.26869 

55 

06 

.73303 

234 

.99936 

.73366 

234 

.26634 

54 

07 

.73535 

232 

.99936 

.73600 

234 

.26400 

53 

06 

.73767 

232 

.99935 

.73832 

232 

.26168 

52 

00 

.73997 

230 

.99934 

.74063 

231 

.25937 

51 

10 

.74226 

229 

.99934 

.74292 

229 

.25708 

SO 

11 

8.74454 

228 

9.99933 

8.74521 

229 

11.25479 

49 

12 

.74680 

226 

.99932 

.74748 

227 

.25252 

48 

13 

.74905 

225 

.99931 

.74974 

226 

.25026 

47 

14 

.75130 
.75353 

225 

.99931 

.75199 

225 

.24801 

46 

15 

223 

.99930 

.75423 

224 

.24577 

45 

16 

.75676 

222 

.99929 

.75645 

222 

.24355 

44 

17 

.76795 

220 

•  99929 

.75867 

222 

.24133 

43 

18 

.76015 

220 

.99928 

.76087 

220 

.23913 

42 

19 

.76234 

219 

.99927 

.76306 

219 

.23603 

41 

20 

.76451 

217 

.99926 

.76525 

219 

.23475 

40 

3  21 

8.76667 

216 

9.99926 

8.76742 

217 

11.23258 

30 

22 

.76888 

216 

•  99926 

.70958 

216 

.23042 

38 

23 

.77097 

214 

.99924 

.77173 

215 

.22827 

37 

24 

.77310 

213 

.99923 

.77387 

214 

.22613 

36 

25 

.77522 

212 

.99923 

.77599 

.212 

.22400 

35 

26 

.77733 

211 

.99922 

.77811 

212 

.22189 

34 

27 

.77943 

210 

.99921 

.78022 

211 

.21978 

33 

28 

.78152 

209 

.99920 

.78232 

210 

.21768 

32 

20 

.78360 

208 

.99920 

.78441 

209 

.21559 

31 

30 

.78567 

207 

.99919 

.78649 

208 

.  21351 

30 

31 

a78774 

207 

9.99918 

a78855 

206 

11.21145 

29 

32 

.78979 

205 

.99917 

.79061 

206 

.20939 

28 

33 

.79183 

204 

.99917 

.79266 

205 

.20734 

27 

34 

.79386 

208 

.99916 

.79470 

204 

.20530 

26 

35 

.79588 

202 

.99915 

.79673 

203 

.20327 

25 

36 

.79789 

201 

.  99914 

.79875 

202 

.20125 

24 

37 

.79990 

201 

.99913 

.80076 

201 

.19924 

23 

38 

.80189 
.803^ 

199 

.  WvL'i 

.80276 

200 

.19723 

22 

39 

199 

.  WtvIs 

.80476 

200 

.  19524 

21 

40 

.80585 

197 

.99911 

.80674 

198 

.19326 

20 

41 

&  80782 

197 

9.99910 

&  80872 

198 

11. 19128 

19 

42 

.80978 

196 

•  «7l7«7U«7 

.81068 

196 

.18932 

18 

43 

.81173 

195 

•  99909 

.81264 

196 

.18736 

17 

44 

.81367 

194 

.99908 

.  81459 

195 

.18541 

16 

45 

.81560 

193 

.99907 

.81653 

194 

.18347 

15 

46 

.  81752 

192 

.99906 

.81846 

193 

.18154 

14 

47 

.81944 

192 

.99905 

.82038 

192 

.17962 

13 

48 

.82134 

190 

.  WWlMi 

.82230 

192 

.17770 

12 

49 

.82324 

190 

.  WWlMi 

.82420 

190 

.17579 

11 

50 

.82513 

189 

.99903 

.82610 

190 

.17390 

10 

51 

&  82701 

188 

9.99902 

&  82799 

189 

11.17201 

9 

52 

.82888 

187 

.99901 

.82987 

188 

.  17013 

8 

S3 

.83075 

187 

. 99900 

.83175 

188 

.16825 

7 

54 

.83261 

186 

.  Vilc!ps7 

.83361 

186 

.16639 

6 

55 

.83446 

185 

.99898 

.83547 

186 

.16453 

5 

56 

.83630 

184 

« WcRf  o 

.83732 

185 

.16268 

4 

57 

.83813 

183 

•  WRftlf 

.83916 

184 

.16084 

3 

58 

.83996 

183 

.99896 

.84100 

184 

.16900 

^^ 

59 

.84177 

181 

.  VovkIo 

.84282 

182 

. 16717 

60 

&81358 

181 

9.99894 

8.84464 

182 

11.15636 

'  Cosine. 

Dili. 

Sine.    Dili 

Cotang 

Dill. 

'  Tang. 
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Table  XIV — Common  losarltlims  of  circular  functions — Contd. 


Arc. 

Sine. 

Diff. 

Cosine. 

Diff. 

Tang. 

Diff. 

Cotang. 

o    / 

4  00 

8.84358 

181 

9.99894 

1 

8.84464 

182 

11.15536 

o   / 

86  00 

10 

.86128 

1770 

.99885 

9 

.86243 

1779 

.13757 

50 

20 

.87828 

1700 

.99876 

9 

.87953 

1710 

.12047 

40 

30 

.89464 

1636 

.99866 

10 

.89598 

1615 

.10402 

30 

40 

.91040 

1576 

.99856 

10 

.91185 

1587 

.08815 

20 

50 

.92561 

1521 

.99845 

11 

.92716 

1531 

.07284 

10 

5  00 

8.94030 

1469 

9.99834 

11 

8.94195 

1479 

11.05805 

85  00 

10 

.95450 

1420 

.99823 

11 

.95627 

1432 

.04373 

50 

20 

.96825 

1375 

.99812 

11 

.97013 

1386 

.02987 

40 

30 

.98157 

1332 

.99800 

12 

.98358 

1345 

.01642 

30 

40 

.99450 

1293 

.99787 

13 

.99662 

1304 

.00338 

20 

50 

9.00704 

1254 

.99774 

13 

9.00930 

1268 

10.99070 

10 

6  00 

9.01923 

1219 

9.99761 

13 

9.02162 

1232 

10.97838 

84  00 

10 

.03109 

1186 

.99748 

13 

.03361 

1199 

.96639 

50 

20 

.04262 

1153 

.99734 

14 

.04528 

1167 

.95472 

40 

30 

.05386 

1124 

.99720 

14 

.05666 

1138 

.94334 

30 

40 

.06481 

1095 

.99705 

15 

.06775 

1109 

.93225 

20 

50 

.07548 

1067 

.99690 

15 

.07858 

1083 

.92142 

10 

7  00 

9.08589 

1041 

9.99675 

15 

9.08914 

1056 

10.91086 

83  00 

10 

.09606 

1017 

.99659 

16 

.09947 

1033 

.90053 

50 

20 

.10599 

993 

.99643 

16 

.10956 

1009 

.89044 

40 

30 

. 11570 

971 

.99627 

16 

.11943 

987 

.88057 

30 

40 

.12519 

949 

.99610 

17 

.12909 

966 

.87091 

20 

50 

.13447 

928 

.99593 

17 

.13854 

945 

.86146 

10 

8  00 

9.14355 

908 

9.99575 

18 

9. 14780 

926 

10.85220 

82  00 

10 

.15245 

890 

.99557 

18 

.15688 

908 

.84312 

50 

20 

. 16116 

871 

.99539 

18 

.16577 

889 

.83423 

40 

30 

. 16970 

854 

.99520 

19 

.17450 

873 

.82550 

30 

40 

.17807 

837 

.99501 

19 

.18306 

856 

.81694 

20 

50 

.18628 

821 

.99482 

19 

. 19146 

840 

.80854 

10 

9  00 

9.19433 

805 

9.99462 

20 

9. 19971 

825 

10.80029 

81  00 

10 

.20223 

790 

.99442 

20 

.20782 

811 

.79218 

50 

20 

.20999 

776 

.99421 

21 

.21578 

796 

.78422 

40 

30 

.21761 

762 

.99400 

21 

.22361 

783 

.77639 

30 

40 

.22509 

748 

.99379 

21 

.23130 

769 

..76870 

20 

50 

.23244 

735 

.99357 

22 

.23887 

757 

.78113 

10 

10  00 

9.23967 

723 

9.99335 

22 

9.24632 

745 

10.75368 

80  00 

10 

.24677 

710 

.99313 

22 

.25365 

733 

.74635 

50 

20 

.2.5376 

699 

.99290 

23 

.26086 

721 

.73914 

40 

30 

.26063 

687 

.99267 

23 

.26797 

711 

.73203 

30 

40 

.26739 

676 

.99243 

24 

.27496 

699 

.72504 

20 

50 

.27405 

636 

.99219 

24 

.28186 

690 

.71814 

10 

11  00 

9.28060 

655 

9.99195 

24 

9.28865 

679 

10.71135 

79  00 

10 

.28705 

645 

.99170 

25 

.29535 

670 

.70465 

50 

20 

.29340 

635 

.99145 

25 

.30195 

660 

.69805 

40 

30 

.29965 

625 

.90119 

26 

.30846 

661 

.60151 

»0 

40 

.30582 

617 

.99093 

26 

.31488 

642 

.68511 

20 

50 

.31189 

607 

.99067 

26 

.32122 

634 

.67878 

10 

12  00 

9.31788 

599 

9.99040 

27 

9.32747 

625 

10.67252 

78  00 

10 

.32378 

590 

.99013 

27 

.33365 

618 

.66635 

50 

20 

.32960 

582 

.98986 

27 

.33974 

609 

,  .66026 

40 

30 

.33534 

574 

.98958 

.34575 

601 

.65424 

30 

40 

.34100 

566 

.98930 

28 

.35170 

595 

.64830 

20 

50 

.34658 

558 

.98901 

29 

.35757 

587 

.64343 

10 

Cosine. 

Diff. 

Sine. 

Diff." 

Cotang. 

Diff. 

Tang. 

Aro. 
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Table  XIY — Common'  loErarlthms  of  cfrcnlaV  f^netlona — Contd. 


Arc. 

Sine. 

Difl. 

Cosine. 

ms. 

TAng. 

Dili. 

Cotang. 

o    / 

13  00 

9.35209 

551 

9.98872 

29 

9.36336 

579 

10.63664 

o    / 

77  00 

10 

.35752 

543 

.98843 

29 

.36909 

573 

.63091 

50 

20 

.362S9 

537 

.98813 

30 

.37476 

567 

.62524 

40 

30 

.36818 

528 

.98783 

30 

.38035 

559 

.61965 

30 

40 

.37341 

523 

.98753 

30 

.3a589 

554 

.61411 

20 

50 

.37858 

517 

.98722 

31 

.39136 

547 

.60864 

10 

14  00 

9.38367 

509 

9.98690 

32 

9.39677 

541 

10.60823 

76  00 

10 

.38871 

5(M 

.98659 

31 

.40212 

535 

.59788 

50 

20 

.39368 

497 

.98627 

32 

.40742 

530 

.58258 

40 

30 

.39860 

492 

.98594 

33 

.41266 

524 

.58734 

30 

40 

.10345 

4S,5 

.98561 

33 

.41784 

518 

.58216 

20 

50 

.40825 

4JfO 

.98528 

33 

-  .42297 

513 

.57703 

10 

15  00 

9.41300 

475 

9.98494 

34 

9.42805 

508 

10.57195 

75  00 

10 

.41768 

468 

.98460 

34 

.43308 

503 

.56692 

50 

20 

.42232 

464 

.98426 

34 

.43806 

498 

.56194 

40 

30 

.42690 

458 

.98391 

35 

.44299 

193 

.55701 

30 

40 

. 43143 

453 

.98356 

35 

.44787 

488 

.55213 

20 

50 

.43591 

448 

.98320 

36 

.45271 

484 

.54729 

10 

16  00 

9.44034 

443 

9.98284 

36 

9.45750 

479 

10.54250 

74  00 

10 

.44472 

438 

.98248 

36 

.46224 
.46604 

474 

.53776 

50 

20 

.44905 

433 

.98211 

37 

470 

.53305 

40 

30 

.45334 

429 

.98174 

37 

.47160 

466 

.52839 

30 

40 

.45768 

424 

.98136 

38 

.47622 

462 

.52378 

20 

50 

.46178 

420 

.98098 

38 

.48080 

458 

.51920 

10 

17  00 

9.46593 

415 

9.980C0 

38 

9.48534 

454 

10. 51466 

73  00 

10 

.47005 

412 

.98021 

39 

.48984 

450 

.51016 

50 

20 

.47411 

406 

.97982 

39 

.49430 

446 

.50570 

40 

30 

.47814 

403 

.97942 

40 

.49872 

442 

.50128 

30 

40 

.48213 

399 

.97902 

40 

.50311 

439 

.49689 

20 

50 

.48607 

394 

.97861 

41 

.50746 

435 

.49254 

10 

18  00 

9.48998 

391 

9.97821 

40 

9. 51178 

432 

10.48822 

72  00 

10 

.493S5 

387 

.97779 

42 

.51606 

428 

.48894 

50 

20 

.49768 

383 

.97738 

41 

.52030 

424 

.47969 

40 

30 

.50148 

380 

.97696 

42 

.52452 

422 

.47548 

30 

40 

.50523 

375 

.97653 

43 

.52870 

418 

.47130 

20 

50 

.50896 

373 

.97610 

43 

.53285 

415 

.46715 

10 

19  00 

9.51264 

368 

9.97567 

43 

9.53697 

412 

10.46303 

71  00 

10 

.51629 

365 

.97523 

44 

.54106 

409 

.45894 

50 

20 

.51991 

362 

.97479 

44 

..54512 

406 

.45488 

40 

30 

.523«d 

358 

.97435 

44 

.54915 

403 

.45085 

30 

40 

.52705 

356 

.97390 

45 

.55315 

400 

.44685 

20 

50 

.53056 

351 

.97344 

46 

.55712 

397 

.44288 

10 

20  00 

9.53405 

349 

9.97299 

45 

9.56107 

395 

10.43893 

70  00 

10 

.53761 

346 

.97252 

47 

.56498 

391 

.43502 

50 

20 

•  uVJov 

342 

.97206 

46 

.56887 

389 

.43113 

40 

30 

.54432 

339 

.97169 

47 

.57274 

387 

.42726 

30 

40 

.54769 

337 

.97111 

48 

.57658 

384 

.42342 

20 

50 

.55102 

833 

.97063 

48 

.58039 

381 

.41961 

10 

21  00 

9.55433 

331 

9.97015 

48 

9.58418 

379 

10,4158) 

69  00 

10 

.55761 

328 

.96966 

49 

.58794 

376 

.41206 

50 

20 

.56085 

324 

.96917 

49 

.59168 

374 

.40832 

40 

30 

.56407 

322 

.96868 

49 

.59540 

872 

.40460 

30 

40 

.56727 

320 

.96818 

50 

. 69909 

869 

.40091 

20 

50 

.57043 

316 

.96767 

•  51 

.60276 

867 

.39734 

10 

Conine. 

Dlff. 

Sine. 

Dlff.  1 

Cotang.  1 

Dlff. 

Tang. 

Arc. 
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Tablb  XIV — Common  loflraritlmui  of  circular  tnnetionm — Contd. 


Arc. 

Sine. 

DifT. 

Cosine. 

Diff. 

Tang. 

Difl. 

Cotang. 

o   / 

22  00 

9.57357 

314 

9.96717 

50 

9.60641 

365 

10.39369 

68  00 

10 

.57669 

312 

.96665 

52 

.61004 

363 

.38996 

60 

20 

.57978 

309 

.96614 

51 

.61364 

360 

.38636 

40 

30 

.58284 

306 

.96561 

53 

.61722 

358 

.38278 

30 

40 

.58588 

304 

.96509 

52 

.62079 

357 

.37921 

20 

50 

.58889 

301 

.96456 

53 

.62433 

354 

.37667 

10 

23  00 

9.59188 

299 

9.96403 

53 

9.62785 

352 

10.37215 

67  00 

10 

.59484 

296 

.96349 

54 

.63135 

350 

.36864 

50 

20 

.59778 

294 

.96294 

55 

.63484 

349 

.36516 

40 

30 

.60070 

292 

.96240 

54 

.63830 

346 

.36170 

30 

^  40 

.60359 

289 

.96185 

55 

.64175 

345 

.36825 

20 

50 

.60646 

287 

.96129. 

66 

.64517 

342 

.35483 

10 

24  00 

9.60931 

285 

9.96073 

56 

9.64858 

341 

10.35142 

66  00 

10 

.61214 

283 

.96016 

57 

.65197 

339 

.34803 

50 

20 

.61494 

280 

.95960 

66 

.65535 

338 

.34465 

40 

30 

.61773 

279 

.95902 

58 

.65870 

335 

.34130 

30 

40 

.62049 

276 

.95844 

68 

.66204 

334 

.33796 

20 

50 

.62323 

274 

.95786 

68 

.66537 

333 

.33463 

10 

25  00 

9.62595 

272 

9.95728 

58 

9.66867 

330 

10.33133 

65  00 

10 

.62865 

270 

.95668 

60 

.67196 

329 

.32804 

50 

20 

.63133 

268 

.95609 

59 

.67524 

328 

.32476 

.  40 

30 

.63398 

265 

.95549 

60 

.67850 

326 

.32150 

30 

40 

.63662 

264 

.95488 

61 

.68174 

324 

.31826 

20 

50 

.63924 

262 

.95427 

61 

.68497 

323 

.31503 

10 

26  00 

9.64184 

260 

9.95366 

60 

9.68818 

321 

10.31182 

64  00 

10 

.64442 

258 

.95304 

62 

.69138 

320 

.30862 

50 

20 

.64698 

256 

.95242 

62 

.69467 

319 

.30543 

40 

30 

.64953 

255 

.95179 

63 

.69774 

317 

.30226 

30 

40 

.65205 

252 

.95116 

63 

.70089 

315 

.29911 

20 

50 

.65456 

251 

.95052 

64 

.70404 

316 

.29596 

10 

27  00 

9.65706 

249 

9.94988 

64 

9.70717 

313 

10.29283 

63  00 

10 

.65952 

247 

.94923 

65 

.71028 

311 

.28972 

50 

20 

.66197 

245' 

.94858 

65 

.71339 

311 

.28661 

40 

30 

.66441 

244 

.94793 

65 

.71648 

309 

.28352 

30 

40 

.66682 

241 

.94727 

66 

.71955 

307 

.28044 

20 

50 

.66922 

240 

.94660 

67 

.72262 

307 

.27738 

10 

28  00 

9.67161 

239 

9.94593 

67 

9.72567 

305 

10.27433 

62  00 

10 

.67398 

237 

.94526 

67 

.72872 

306 

.27128 

50 

20 

.67633 

235 

.94458 

68 

.73175 

303 

.26825 

40 

30 

.67866 

233 

.94390 

68 

.73476 

301 

•.26624 

30 

40 

.68098 

232 

.94321 

69 

.73777 

301 

.25223 

20 

50 

.68328 

230 

.9«252 

69 

.74077 

300 

.25923 

10 

29  00 

9.68557 

229 

9.94182 

70 

9.74376 

298 

10.25625 

61  00 

10 

.68784 

227 

.94112 

70 

.74673 

298 

.25327 

50 

20 

.69010 

226 

.94041 

71 

.74969 

296 

.25031 

40 

30 

.69234 

224 

.93970 

71 

.76264 

296 

.24736 

30 

40 

.69456 

222 

.93898 

72 

.76658 

294 

.24441 

20 

50 

.69677 

221 

.93826 

72 

.76852 

294 

.24148 

10 

30  00 

9.69897 

220 

9.93753 

73 

9,76144 

292 

10.23866 

60  00 

10 

.70115 

218 

.93680 

73 

.76435 

291 

.28665 

50 

20 

.70332 

217 

.93606 

74 

.76725 

290 

.23274 

40 

30 

.70547 

215 

.93532 

H 

.77016 

290 

.22985 

30 

40 

.70761 

214 

.93457 

76 

.77303 

288 

.22697 

20 

50 

.70973 

212 

.93382 

75 

.77601 

288 

.22409 

10 

' 

Ckisine. 

• 

Difl. 

Bine. 

Difl. 

Ck>tang. 

Difl. 

Tang. 

Arc. 
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Arc. 

Siiw.  • 

Dlfl. 

Cosine. 

Difl. 

Tang. 

Difl. 

Cotang. 

e  / 

31  00 

9.71164 

211 

9.93307 

• 

75 

9.77877 

286 

la  22123 

59  00 

10 

.71393 

209 

.93230 

77 

.78163 

286 

.21837 

50 

20 

.71602 

209 

.93154 

76 

.78448 

285 

.21652 

40 

30 

.71808 

206 

.93077 

77 

.78732 

284 

.21268 

3« 

40 

.72014 

206 

.92999 

78 

.79015 

283 

.20985 

20 

50 

.72218 

204 

.92921 

78 

.79297 

282 

.20703 

10 

32  00 

9.72421 

203 

9.92842 

79 

9.79579 

282 

10.20421 

58  M 

10 

.72622 

201 

.92763 

79 

.79860 

281 

.20140 

50 

20 

.72823 

201 

.92683 

80 

.80140 

280 

.19860 

40 

30 

.73022 

199 

.92603 

80 

.80419 

279 

.19581 

30 

40 

.73219 

197 

.92522 

81 

.80697 

278 

.19303 

20 

50 

.73416 

.  197 

.92441 

81 

.80975 

278 

.19025 

10 

33  00 

9.73611 

195 

9.92359 

82 

9.81252 

277 

la 18748 

67  00 

10 

.73805 

194 

.92277 

82 

.81628 

276 

.18472 

60 

20 

.73997 

192 

.92194 

83 

.81803 

276 

.18196 

40 

30 

.74189 

192 

.92111 

83 

.82078 

275 

.17922 

30 

40 

.74379 

190 

.92027 

84 

.82352 

274 

.17648 

20 

50 

.74568 

189 

.91942 

85 

.82626 

274 

.17374 

10 

34  00 

9.74766 

188 

9.91857 

85 

9.82899 

273 

la 17101 

56  00 

10 

.74943 

187 

.91772 

85 

.83171 

272 

.16829 

50 

20 

.75128 

185 

.91686 

86 

.83442 

271 

.16557 

40 

30 

.75313 

186 

.91509 

87 

.83713 

271 

.16287 

30 

40 

.75496 

183 

.91512 

87 

.83981 

271 

.16016 

20 

50 

.76678 

182 

.91425 

87 

.84253 

269 

.15746 

10 

35  00 

a  75859 

181 

9.91336 

89 

9.84523 

270 

iaiM77 

55  00 

10 

.76039 

180 

.91248 

88 

.84791 

268 

.15209 

SO 

20 

.76218 

179 

.91158 

90 

.85059 

268 

.14941 

40 

30 

.76395 

177 

.91069 

89 

.85327 

268 

.14673 

30 

40 

.76572 

177 

.909^8 

91 

.85594 

267 

.14406 

20 

50 

.76747 

175 

.90887 

91 

.85860 

266 

.14140 

10 

36  00 

8.76922 

175 

9.90796 

91 

9.86126 

266 

la  13874 

54  00 

10 

.77095 

173 

.90704 

92 

.86391 

265 

.13608 

50 

20 

.77267 

172 

.90611 

93 

.86656 

265 

.13344 

40 

30 

.77439 

172 

.90)18 

93 

.86921 

265 

.13079 

30 

40 

.77609 

170 

.90424 

94 

.87185 

264 

.12815 

20 

50 

-77778 

169 

.90330 

94 

.87448 

263 

.12552 

10 

37  00 

ft77946 

168 

9.90235 

95 

9.87711 

263 

10.12289 

53  00 

10 

.  78113 

167 

.90139 

96 

•  87974 

263 

.12026 

50 

20 

.78280 

167 

.90043 

96 

.88236 

262 

.11764 

40 

30 

.78445 

166 

*  89947 

96 

.88498 

262 

.11502 

30 

40 

.78609 

164 

.89849 

98 

.88759 

261 

.11241 

20 

50 

.78772 

163 

.89752 

97 

.89020 

261 

.10980 

10 

38  00 

9.78934 

162 

9.89653 

99 

9.89281 

261 

la  10719 

52  00 

10 

.79095 

161 

.89554 

99 

.89541 

260 

.10459 

50 

20 

.79256 

161 

.89455 

99 

.89801 

260 

.10199 

40 

30 

.79415 

159 

.89354 

101 

.90060 

259 

.09939 

30 

40 

.79573 

158 

.892^4 

100 

.90320 

260 

.09680 

20 

50 

.79731 

158 

.89152 

102 

.90578 

258 

.09421 

10 

39  00 

9l 79887 

156 

9.89050 

102 

9.90837 

259 

la  09163 

51  00 

10 

.80043 

156 

.88948 

102 

.91095 

258 

.08905 

50 

20 

.80197 

154 

.88844 

104 

.91353 

258 

.08647 

40 

30 

.80351 

154 

.88741 

103 

.91610 

257 

.08390 

30 

40 

.80604 

153 

.88636 

105 

.91868 

258 

.08132 

20 

50 

.80656 

152 

.88631 

105 

.92125 

257 

.07875 

10 

Cosine. 

Diff. 

Sine. 

Dili. 

Cotang. 

Difl. 

Tang. 

Arc. 

>-  ^' 
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%     v»      •» 
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« 

T»»                '**S~ 

Cobang. 

1               '  O-"^ 

5^ 

• 

IIL  07618 

O           f 

50    00 

1                   L  ,- 

,«:362 

50 

c-*.* 

^ 

,(!a06 

40 

o ;-  f 

7^ 

,ffR50 

30 

t;.u 

5*> 

.063M 

20 

«tni. 

^v 

.OSS39 

10 

>«n»Ti  • 

V. 

lf.«OM 

49    00 

'1 

-?:. 

,. 15^39 

50 

'tw" 

5tr.: 

.35574 

40 

<>• 

» 

,IE319 

30 

>*• 

yi- 

.J!E«65 

20 

•■fl^*  ^1 

-a*. 

.«S10 

10 

-.•^ . 

"S. 

3IIMSS6 

48    00 

•  r.- 

^^ 

.4«»2 

50 

•    •-. 

V. 

.WWS 

40 

^ 

;5--: 

-.«??» 

30 

^^    • 

2>. 

.IIS&II 

20 

•>    ' 

2?w 

.J»$!S 

10 

•-    <#»»»> 

2?^ 

3;.1B«M 

47     00 

.••'    • 

"S'- 

.!2PJ1 

50 

-     *• 

^ 

-.■agas 

40 

.f     -- 

ijs; 

>jezr? 

30 

'                   •«''.^ 

*>;;< 

-iat22 

20 

***i. 

ii 

.«?» 

10 

•.  «»»4>, 

■e^ 

^rv«5ifS 

46    00 

•*."•!) 

j>ij 

.Oii?So 

50 

<<K»>S< 

5ij 

,ci:»ii 

40 

•Jj'i:'*.; 

253 

.007SS 

30 

N^s, 

253 

.00505 

31 

.->        *  %r 

252 

.00253 

10 

.*►     ^'.JWOO 

253 

10.00000 

45     >1 

1 

*"      Oocang. 

Diff. 

Tang. 

Anr- 
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114.  Tlie  slide  rule  is  a  contrivance  for  using  logs,  mechanically. 
It  consists  <fig.  47)  of  a  Mile,  in  the  middle  of  which  is  a  slide.  The 
edges  of  the  groove  and  the  edges  of  the  slide  are  graduated,  forming 
four  scales,  called  A,  B,  C,  and  D.  An  indicator,  which  can  be  set 
at  any  point,  guides  the  eye  in  selecting  opposite  numbers.  The  slide 
rule  deals  with  maiitlAfeiaa  only.  Characteristics  must  be  obtained 
by  inspection. 

To  multiply. — Move  the  slide  to  the  right  until  1  on  scale  B  is 
opposite  the  smaller  of  the  2  numbers  on  A ;  the  number  on  A 
opposite  the  larger  of  the  2  numbers  on  B  Is  the  product. 

To  divide. — Move  the  slide  to  the  left  until  the  divisor  on  B  is 
under  1  on  A.  The  number  on  A  opposite  the  dividend  on  B  is  the 
quotient  desired.  To  inultlply  and  dlvltle  slmiiltaneoiialy,  or 
to  solve  a  proportion,  set  the  divisor  on  B  opposite  one  of  the 
other  numbers  on  A.  The  number  on  A  opposite  the  third  number  on 
B  is  the  result  desired. 

To  find  tlte  aqnare  of  a  nnntber. — ^Take  the  number  on  A 
opposite  the  given  number  on  D. 

To  find  tne  square  root. — Take  the  number  on  D  opposite  the 
given  number  on  A.  In  taking  square  roots  use  only  the  left  half 
of  A.  for  an  odd  number  of  figures  in  front  of  the  decimal  point, 
and  the  right  half  only  for  even  number. 

To  find  a  cube. — Set  1  on  B  opposite  the  given  number  on  D. 
The  number  on  A  opposite  the  given  number  on  B  is  the  cube  desired. 

To  find  a  enbe  root. — Take  the  root  approximately  by  inspec- 
tion. Set  this  number  on  B  opposite  the  given  number  on  A.  Note 
whether  1  on  C  is  opposite  the  approximate  root  on  D.  If  so,  the 
approximate  root  is  the  correct  one;  if  not,  move  the  slide  slightly 
one  way  or  the  other  until  the  number  on  B  opposite  the  given 
number,  and  the  number  on  D  opposite  the  one  on  C  are  the  same. 
This  number  is  the  desired  cube  root. 

Occasional  users  of  the  slide  rule  will  do  well  to  adhere  to  the 
simple  operations  .ibove  described.  Regular  users  will  study  the 
theory  and  scope  of  the  rule  from  one  of  the  several  treatises  on  the 
subject. 
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Table    XY 

'. — ^Tttble    of    aquarefl,    Dulles , 

■qvave    roots,    and 

cabe  root«---Contiinied. 

No. 

Sqtiare. 

Cube. 

Sq.  rt. 

Cu.  rt. 

No. 

Square. 

Cube. 

Sq.rt. 

Cu.rt» 

101 

10201 

1030301 

10.0499 

4.6570 

151 

22801 

3442951 

12.2882 

5.3251 

102 

10404 

1061208 

10.0995 

4.6'^ 

152 

23194 

3511808 

12.3288 

5.3368 

103 

10609 

1092727 

10.1489 

4.68'5 

153 

23409 

3581577 

12.3693 

5.3485 

104 

10816 

1124864 

10.1980 

4.7027 

154 

23716 

3652264 

12.4097 

5.3601 

105 

11025 

1157625 

10.2470 

4.7177 

155 

24025 

3723875 

12.4499 

5.3717 

106 

11236 

1191016 

10.2056 

4.7326 

156 

24336 

3796416 

12.4900 

5.3832 

107 

11449 

122S043 

10.3441 

4.7475 

157 

24649 

3869893 

12.5300 

5.3947 

108 

11664 

1259712 

10.3923 

4.7622 

158 

24964 

3944312 

12.5698 

5.4061 

109 

11881 

1295029 

10.44^ 

4.7769 

159 

25281 

4019679 

12.6095 

5.4175 

110 

12100 

1331000 

10.4881 

4.7914 

160 

25600 

4096000 

12.6491 

5.4288 

111 

12321 

1367631 

10.5357 

4.8050 

161 

28921 

4173281 

12.6886 

5.4401 

112 

12544 

1404928 

10.5830 

4.8203 

162 

26244 

4251528 

12.7279 

5.4514 

113 

12769 

1442897 

10.6301 

4.8346 

163 

2SSCQ 

4330747 

12.7671 

5.4626 

114 

12096 

1481544 

10.6771 

4.8488 

164 

26896 

4410944 

12.8062 

5.4737 

115 

13225 

1520875 

10.7238 

4.8629 

165 

27225 

4492125 

12.8452 

d.  4o9o 

110 

13456 

1560696 

10.7703 

4.8770 

166 

27556 

4574296 

12.8841 

5.4959 

117 

13689 

1601613 

10.8167 

4.8910 

167 

27889 

4657463 

12.9228 

5.5069 

118 

13924 

1643032 

10.8628 

4.9049 

168 

28224 

4741632 

12.9615 

5.5178 

119 

14161 

16851 S9 

10.9087 

4.9187 

160 

28561 

4826809 

13 

5.5288 

120 

14400 

1728000 

10.9545 

4.9324 

170 

28900 

4913000 

13.0384 

5.5397 

121 

14641 

1771561 

11.0000 

4.9461 

171 

29241 

5000211 

13.0767 

5.5566 

122 

14884 

1815848 

11.0454 

4.9597 

172 

29584 

5088448 

13.1149 

5.5613 

128 

15129 

1860867 

11.0905 

4.9732 

173 

29929 

6177717 

13.1529 

5.5721 

124 

15376 

1906624 

11.1355 

4.9866 

174 

30276 

5268024 

13.1909 

5.5S28 

125 

15026 

1953125 

11.1803 

5 

175 

30625 

5359375 

13.2288 

5.5984 

126 

15876 

2000876 

11.2250 

5.0133 

176 

30976 
31329 

6451776 

13.2665 

5.6041 

127 

16129 

2048383 

11.2094 

5.0265 

177 

5545233 

13.3041 

5.6147 

128 

16384 

2097152 

11.3137 

5.0397 

178 

31684 

5639752 

13.3417 

5.6252 

129 

166a 

2146689 

11.3578 

5.0528 

179 

32041 

5735339 

13.3791 

5.6357 

130 

10900 

2197000 

11.4018 

5.0658 

180 

32400 

^832000 

13.4164 

5.6402 

131 

17161 

2248091 

11.4455 

5.0788 

181 

32761 

5929741 

13.4536 

5.6567 

1S2 

17424 

2299968 

11.4891 

5.0916 

182 

33124 

6028568 

13.4907 

5.6671 

138 

17689 

2352637 

11.5326 

5.1045 

183 

33489 

6128487 

13.5277 

5.6774 

134 

17966 

2406104 

11.5758 

5.1172 

184 

33856 

6229504 

13.5647 

5.6877 

135 

18225 

2460375 

11.6190 

5.1299 

185 

34225 

6331625 

13.6015 

5.6980 

138 

18406 

2515456 

11.6619 

5.1426 

186 

34596 

6434856 

13.6382 

5.7083 

137 

18769 

2571353 

11.7047 

5.1551 

187 

34969 

6539203 

13.6748 

5.7185 

138 

19044 

2628072 

11.7473 

5.1676 

188 

85344 

6644672 

13.7113 

5.7287 

139 

19321 

2685619 

11.7898 

5.1801 

189 

85721 

6751269 

13.7477 

5.7386 

140 

19600 

2744000 

11.8322 

5.1925 

190 

36100 

6859000 

13.7840 

5.7489 

141 

19681 

2803221 

11.8743 

5.2048 

191 

36481 

6967871 

13.8203 

6.7890 

142 

20164 

2863288 

11.9164 

5.2171 

192 

86864 

7077888 

13.8564 

6.7690 

143 

20449 

2924207 

11.9583 

5.2293 

193 

37249 

7189057 

13.8924 

5.7799 

144 

20736 

2985984 

12 

5.2415 

194 

37636 

7301384 

13.9284 

5.7890 

145 

21025 

3048625 

12.0416 

5.2636 

195 

88025 

7414875 

13.9642 

5.7989 

146 

21316 

3112136 

12.0830 

5.2656 

196 

88416 

7529536 

14 

5.8088 

147 

21609 

3176523 

12.1244 

6.2776 

197 

38809 

7645373 

14.0357 

5.8186 

148 

21904 

8241792 

12.1655 

5.2896 

198 

89204 

7762392 

14.0712 

5.m^ 

149 

22201 

3307949 

12.2066 
12.2474 

5.3015 

199 

39601 

7880599 

14.1967 

6/ 

150 

22S00 

3375000 

5.3133 

200 

40000 

8000000 

14. 1421 

f 

1$3 


ENOnVEBE 


KANITAL. 


T^SliB    XV^r^Table    of    savarcii,    cubes,    saiMKre    roots,    ftnd 

cube  roots— -Continued. 


No. 

Square. 

201 

40401 

202 

40S04 

203 

41200 

204 

41616 

205 

42025 

806 

42436 

207 

42849 

208 

43264 

209 

43681 

210 

44100 

211 

44521 

212 

44944 

213 

45369 

214 

45796 

215 

46225 

216 

46656 

217 

47089 

218 

47524 

219 

47961 

220 

48400 

221 

48841 

232 

49284 

223 

49729 

224 

50176 

225 

50625 

226 

51076 

227 

51529 

228 

51984 

229 

52441 

230 

52900 

231 

53361 

232 

53824 

233 

54280 

234 

54756 

235 

55225 

23^ 

55696 

237 

56169 

238 

56644 

239 

67121 

240 

57600 

241 

58081 

242 
243 

58564 
59049 

244 

59536 

245 

60025 

246 

60516 

247 

61009 

248 

61504 

249 

62001 

250 

62500 

8120601 

824240S 
8365427 
8480664 
8615125 

8741816 
8860743 
8998912 
9129329 
9261000 

9393981 
9528128 
9663597 
9800344 
9938375 

10077696 
10218313 
10860232 
10503459 
10648000 

10793861 
10941048 
11089567 
11239424 
11390625 

11548176 
11697063 
11852352 
12008989 
12167000 

12326391 
12487168 
12640337 
12812004 
12977876 

13144256 
13312053 
13481272 
13651910 
13824000 

13997521 
14172488 
14348907 
14526784 
14706125 

14886936 
15069223 
15250002 
15438240 
15625000 


Sq.rt. 

Cu.  rt. 

No. 

251 
252 
253 
254 
255 

Square. 

14. 1774 
14. 2127 
14.2478 
14.2829 
14.3178 

5.8578 
5. 8675 
5. 8771 
5.8868 
5.8964 

63001 
03504 
64009 
64516 
65025 

14.3527 
14.3875 
14. 4222 
14. 4568 
14. 4914 

5.9059 
5. 9155 
5.9250 
5.9345 
5.9439 

256 
257 
258 
259 
260 

65536 
66049 
66564 
67081 
67600 

14.5258 

n.5602 

14.5845 

14.6287, 

14.6629 

5.9533 
5.9627 
5.9721 
5. 9814 
5.9907 

261 
262 
263 
264 
265 

68121 
68644 
69169 
69696 
70225 

14.6969 
14.7309 
14.7648 
14.7986 
14.8324 

6 

6.0092 

6.0185 

6.0277 

6.0368 

266 
267 
268 
269 
270 

70756 
71289 
71824 
72361 
72900 

14.8661 
14.8997 
14.9332 
14.9666 
15 

6.0459 
6.0560 
6.0641 

6.or^ 

6.0622 

271 
272 
273 
274 
275 

73441 
73984 
74S29 
76076 
75625 

15.0333 
15.0665 
15.0097 
15.1327 
15.1658 

6.0912 
6.1002 
6.1091 
6.1180 
6.1269 

276 
277 
278 
279 
280 

76176 
76720 
77284 
77841 
78400 

15.1987 
1&2315 
15.2643 
15.2971 
15.3297 

6.1358 
6.1446 
6.1534 
6.1622 
6. 1710 

281 
282 
283 
284 
285 

78861 
79524 
80089 
80656 
81225 

15.3623 
15.3948 
15.4272 
15.4506 
1&4919 

6.1797 
6.1885 
6.1972 
6.2058 
6. 2145 

286 
287 
288 
289 
290 

81796 
82369 
82944 
83521 
84100 

1&5242 
1&5563 
15.5885 
15.6205 
15.6525 

6.2231 
6.2317 
6.2408 
6.2488 
6.2573 

291 
292 
293 
294 
295 

84681 
85264 
85849 
86436 
87025 

15.6844 
15. 7162 
15.7480 
15.7797 
15.8114 

6.2658 
6.2743 
6.2828 
6.2912 
6.2096  1 

296 
297 
298 
299 
.300 

87616 
88209 
88804 
89401 
90000 

15813251 
16003008 
16194277 
16387064 
16581375 

16777216 
16974593 
17173512 
►17373979 
17576000 

17779581 
17984728 
18191447 
18399744 
18600625 

18821006 
19084163 
19248832 
19465109 
19683000 

19902511 
20123648 
20346417 
20570624 
20706875 

21024576 
21253833 
214848S3 
21717639 
21952000 

22188041 
22426788 
22665187 
22906304 

23149125 


23887872 
24137569 
24389000 

24642171 
24887088 
25153757 
25412184 
25672375 

25034336 
26198073 
26M3582 
26730889 
27000000 


Cu.  Ft. 


15.8430 
15.8745 
15.0060 
15.9374 
15.9687 

16 

16.0312 

16.0624 

16.0935 

16.1245 

16.1555 
16.1864 
16.2173 
16.2481 
16.2788 

16.3095 
16.3401 
16.3707 
16.4012 
16.4317 

16.4621 
16.4924 
16.5227 
16.5529 
16.5831 

16.6132 
16.6433 
16.6733 
16.7033 
16.7332 

16.7631 
16.7929 
16.8226 
16.8523 
16.8819 

16.9115 

16.9411 

16.9706 

17 

17.0294 

17.0587 
17.0680 
17.1173 
17.1464 
17.1756 

17.2047 
17.2337 
17.2627 
17.2916 


6.3080 
6.3164 
6.3247 
6.3330 
6. 3413 

6.3496 
6.3578 
6.3661 
6.3743 
6.3825 

6.3907 
6.3988 
6.4070 
6.4151 
6.4232 

6.4312 
6.4393 
6.4473 
6.4553 
6.4633 

6.4713 
6.4792 
6.4872 
6.4951 
6.5030 

6.5106 
6.5187 
6.5265 
6.5343 
6.5421 

6.5499 
6.5577 
6.5654 
6.5731 
6.5806 

6.5885 
6.5962 
6.6039 
6.6115 
6.6191 

6.6267 
6.6343 
6.6419 
6.6494 
6.6569 

6.6644 
6. 6719 
6.6784 
6.6869 


17.3205  16.6843 


:&EC09mkisaAH0s. 


Tabub    Xyj^-Ttkhh^'  of    attMarewy    ci^bes» 

eabe  roota^^^^Coiitiiiued, 


roots,    and 


Square. 


9oeoi 
9iaM 

91800 

g24i« 

93085 

93086 
94249 
94864 
95481 
96100 

96721 
97344 
97969 
98696 
99226 

99866 

100489 
101124 
101761 
102400 

109041 
103684 
104829 
194076 
105626 

106376 
106029 
107584 
1082*1 
lOBOeO 

100581 
110224 
110889 
111556 
113225 

112896 
113569 
114244 
114921 
115600 

116281 
116064 
117649 
.118336 
119025 

llOTie 
120409 
121104 
121801 
122500 


Cabe. 


27270601 
27543806 
2761»27 
280M464 
28372626 

28658616 
28964443 
29218112 
29603629 
29791000 

30080231 

aomt2» 

30664297 
30959144 
312S5676 

31584406 
31856013 
32157432 
32461759 
32768000 

33076161 
33886848 
33106267 
34012294 
34338135 

34648076 
34966783 
36387862 
35611389 
35187680 

36364691 
36504866 
36936087 
37269704 
37596B75 

37988066 

38278758 
38614472 
38958319 
89804000 

39651821 
40001688 

403S8607 
40707584 
41068625 

41431736 
41781028 
42144198 
42906919 
42875006 


Sq.  rt. 


17.3404 
17.3781 
17.4009 
17.4356 
17.4642 

17.4989 
17.5214 
17«o499 
17.5784 
17.6068 

17.6362 
17.6685 
17.6018 
17.7200 
17.7482 

17.7764 
17.8045 
17.8320 
17.8606 
17.8885 

17.9166 

17.9444 

17.9722 

18 

1&0278 

1&0655 
18.0831 
18.1108 
18.1384 
18.1669 

18.1934 
18.2260 
18.2488 
18.2757 
18.8090 

18.3308 
18.3570 
18.3848 
18.4120 
18.4301 

18.4662 
18.4932 
18.5203 
18.5472 
18.5742 

18.6011 
18. 6279 
(18.6548 
18.6815 
18.7083 


Cu.rt. 


6.7018 
6.7092 
6.7166 
6.7240 
6.7313 

6.7387 
6.7460 
6.7533 
6.7606 
6.7679 

6.7752 
6.7824 
6.7807 
6.7969 
6.8041 

6.8113 

6.8185 
6.8256 
6.8328 
6.8899 

6.84t0 
6.8541 
6.8612 
6.8683 
6.8753 

6.8884 
6.8894 
6.8864 
6.9084 
6.9104 

6.9174 
6.9244 
6.9313 
6.9382 
6.9451 

6.9521 
6.9589 
6.9658 
6.9727 
6.9705 

6.9864 

6.9932 

7 

7.0068 

7.0136 

7.0208 
7.0271 
7.0938 
7.0406 
7.0473 


No. 


361 
352 
353 
354 
365 

356 
357 
358 
350 
360 

361 
362 
363 
364 
865 

366 
367 
368 
369 
870 

871 
372 
373 
374 
375 

376 
377 
378 

879 
380 

381 
382 
883 
384 
385 

386 
387 
388 
389 
390 

391 
3^ 
393 
394 
396 

396 
397 
308 
399 
400 


Square. 


123901 

123804 

124600. 

125316 

126025 

126736 

127449 

128164 

428881 

1129600 

130321 
131044 
131769 
132496 
133225 

133966 
134689 
135424 
136161 
136900 

137641 
138384 
139129 
139876 
140635 

141876 
142129 
142884 
143641 
144400 

145161 
145924 
146689 
1474^ 
148225 

148996 
149769 
150544 
151321 
152100 

152881 
153664 
154449 
155236 
166025 

156816 
157609 
158404 
159201 
160000 


Cube. 


43343561 
43614386 
43086977 
44361864 
44738876 

45118016 
45499293 
45882712 
46268279 
46656000 

47045681 

47437988 
47832147 
48228544 
4862n25 

49087896 
49430863 
49836032 
50243409 
50653000 

61664811 
51478848 
61805117 
52313624 
52734375 

53157876 
53588633 
54010152 
54489939 
54872000 

55306341 

55742968 
56181887 
56623104 
57066635 

57513456 
57960603 
58411072 
58863869 
59319000 

59776471 
60236288 
60698457 
61162984 
61629875 

62099186 
62570773 
63014792 
63521199 
64000000 


Sq.  rt. 


18.7850 
18.7817 
18.7883 
18.8149 

18.8414 

18.8680 
18.8944 
18.9209 
18.9473 
18.9737 

19 

19.0263 

19.0626 

19.0788 

19.1069 

19.1311 
19.1572 
19.1838 
19.2094 
19.2364 

19.2614 
19.2873 
19.3132 
19.3391 

19.3907 
19.4165 
19. 4422 
19. 4679 
19.4936 

19.5192 
19.5448 
19.5704 
19.5959 
19.6214 

19.6469 
19.6723 
19.6977 
19.7231 
19.7484 

19.7737 
19.7990 
19. 8242 
19.8494 
19.8746 

19.8997 
19.9249 
19.9499 
19.9750 
20 


Gu*rt. 


7.0540 
7.0607 


OOM 
0740 


0623 
0940 
1086 
1072 
1138 

1304 
1389 
1335 
1400 
1466 

IBSL 
1596 
16B1 
1736 
1791 

1855 
1909 
19IM 
2048 
2112 

2177 
2249 
%04 

2368 
2432 

2406 
2558 
2638 
2685 
2718 

2811 

2874 
2936 

3061 

3124 
3186 
3248 
3810 
3372 

3484 
3496 
3558 
3619 
36P 


Tablb    XV. — 1 


Ko. 


Square. 


ColM. 


4M 


4Kr 

40 

411 
«2 
413 
414 
415 

415 
47 
418 
419 
4» 

431 


484 


49S 

427 


480 

4»1 

432 


484 

4S5 

4M 

437 
483 


440 

441 
442 
443 


446 

444 

447 


1454M 
107231 


180744 
17QSa» 
171888 
172228 

178868 
178888 
174724 
176661 
178808 

1772U 

178084 
178028 
17OT78 
180826 

181476 
182329 
183184 
184041 
184000 

18Sm 
186024 
187480 
188366 
189226 

190086 

190909 
191844 
192721 
193600 

194481 
196364 
196249 
197136 
196026 

196016 

108809 
200704 
301601 
202600 


67419143 
67n7312 
68417829 


70444007 
70067944 
71473375 

71001288 
72611713 


73600069 
74088080 

74818161 
76161448 
76688067 
76228024 
76766626 

77308776 
77864483 
7B402762 
780S8889 
79607000 

80062891 

80621668 
81182737 
81746504 
82312876 

82881856 
83453463 
84027672 
84804519 
85184000 

86766121 
86360888 
86038307 
87528384 
88121126 

88n6S86 
80314623 
89915392 
90618849 
91126000 


Sq.rt- 


30.0880 
30.0108 
20.0940 
20.0808 
20.1246 

20.1404 
20.1742 
20.1980 
30.2287 
20.2485 


30.2^8 


po. 

20.3430 
20.3715 

20.3061 

20.4206 
30.4460 
30.4696 
30. 


30.5183 
30.5436 
30.5670 
20.6013 
30.6156 

20.6808 
20.6640 
20.6882 
20.7123 
20.7364 

20.7606 
20.7846 
20.8067 
20.8327 
20.8567 

20.8806 
20.9045 
20.9284 
20.9523 
20.9762 

21 

21.0238 

21.0476 

21.0713 

21.0050 

21.1187 
21.1424 
21.1660 
21.1896 
21.2132 


Ca.rt. 


7.3742 

7. 
7. 
7.392S 
7. 


7.4K7 

7.4106 

7.4169 

7. 

7. 


7. 

7.4410 

7.4490 

7.4530 

7.4580 

7.4660 
7.4710 
7.4770 
7. 

7. 


7. 

7.5007 

7.6067 

7.5126 

7.5185 

7.5244 
7.5302 
7.5361 
7.5420 
7.5478 

7.5537 
7.5805 
7.6654 
7.5712 
7.5770 

7.6828 
7.6886 
7.6044 
7.6001 
7.6060 

7.6117 
7.6174 
7.6232 
7.6289 
7.6346 

7.6403 
7.6400 
7.6517 
7.6574 
7.663X 


487 
468 


430 

471 
472 
473 
474 
475 

476 
477 

478 
479 
480 

481 
482 
483 
484 

485 

486 
487 
488 
489 
400 

491 
492 
493 
404 
405 

496 
407 
498 
499 
500 


217156 
218089 
219024 
219961 
220B0O 

221841 


224676 
22S62S 


227529 
228484 
229441 
230400 

231361 


2342S6 
235225 

236196 
237169 
238144 
239121 
240100 

241061 
242064 

243049 
244036 
246025 

246016 
247009 
248004 
249001 
250000 


10184W6I 
108161100 


10448nn 
105154048 
105823817 
1O6406424 
107171875 

107850176 
108881338 
10021S8S2 
100001289 
1 


111284641 
111980188 
112878687 
11337B004 
114061125 

114791256 
115501303 
116214372 
116080160 
117648000 

118370771 
119096488 
119828157 
120568784 
121287875 

122028936 
122763478 
123506092 
124261499 
12SO00Q0O 


2L7256 
2L7488 
21.7715 
2L7M5 

21.8174 
2L84BS 
21.8832 
2L8881 
8L9Q80 

21.9317 

21.9545 

2L9773 

22 

22.0227 

22.0464 
22.0881 
22.0907 
22.1138 
22.1310 

22.1586 
22.1811 
22.2086 
82.2361 
22.2486 

22.27U 
22.2985 
22.3160 


(22.3607 


7.7S20 
7.7984 
7.700 
7.7V06 
7.7790 

7.7805 
7.7800 
7.7«5 
7.  TWO 
7. 8025 

7.8090 
7.8134 
7.8188 
7.8M3 
7.8307 

7.8868 
7.8406 
7.8460 
7.8514 

7.8668 

7.8622 
7.8676 
7.8730 
7.8»4 
7.8837 

7.8891 
7.8044 

■  •  IWtR 

7.9061 
7.9106 

7.9158 
7.9211 
7.9964 
7.9317 
7.9070 


xxeonr4]B8AHes. 


195 


Tablb    XT. — T»lKle    of   «««»re«9   e«l»eii,    •« 

««be  vootM-^-Oontinaed. 


re    rootiiy   «b«I 


Noi 


£01 
502 
503 
504 
505 

506 
507 
508 

509 
510 

5U 
512 
513 
514 
515 

510 
517 
518 
619 
520 

521 
582 

528 
524 
625 

520 
527 
528 
529 
580 

581 
532 
533 
634 

535 

536 
587 


Squaie. 


689 
540 

541 
542 
543 
544 

545 

546 
547 
548 
549 
560 


251001 
252004 
253009 

254016 


257040 
258064 

2S9061 
280100 

201121 
262144 
263160 
264196 


Ca1)e. 


266866 
267289 
268324 
269861 
279400 

271441 
272484 
278599 
274576 
275625 

270676 
277729 
278784 
279841 


281961 
283004 
284089 
285156 


287296 


aftl444 
290521 
291000 

298981 
298764 
294849 
296086 


296116 
299009 
300804 
301401 
302500 


125751501 
126606006 
127203527 
128024064 
128787685 

129654216 

130826843 
131096613 
131872899 
188651000 

133433681 
134217728 
135005607 
1357M744 
186590875 

137888096 
188188U3 
138091832 
130796359 


141420761 

141336648 
148606667 
14a8n634 
144703125 

145681576 
146308188 
147197953 
148085889 
148877000 

149721291 
150668768 
151419487 
152278804 
153180375 

158906656 

154864153 
155790672 
156660819 
157464000 

158840421 
159290068 

160108007 
160989184 
161878625 

162771886 
168667B23 
164566592 
16546U4a 
166875000 


Sq-.Ft. 


22.3880 
22.4054 
22.4277 

3Cc.  44(10 

22.4722 

82.4844 
22.5167 
22.5389 
22.5610 
28.5882 

28.6068 
22.6874 
22.6495 
22.6716 
22.6986 

22.7156 
28:7876 
22.7596 
82.7816 
22.8085 

22.8254 
22.8473 
218692 
22.8910 
28.0129 

82.9347 

22.9565 

22L9783 

23 

23.0217 

23.0484 
23.0651 
23.0668 
23.1084 
28.1301 

23.1517 
23.1733 
23.1948 
38.2164 
23.2379 

23.2594 
23.2809 
23.3024 
23.3238 
23.3452 

28.3666 
23.3880 
23.4004 
23.4807 
23.4521 


Ca.rt. 


7.0428 
7.9476 
7.9528 
7.9581 
7.9684 

7.9686 
7.9739 
7.9791 
7.9848 
7. 


7.9948 

8 

8.0052 

8.0104 

8.0156 

8.0206 
8.0260 
7.0311 
8.0868 
8.0415 

8.0466 
8.0517 
8.0560 
8.0680 
8.0671 

8.0723 
&0774 
8.0626 
8.0876 
8.0927 

8.0978 
&1028 
&1079 
8.1130 
&1180 

a  1231 
&1381 
&1332 
a  1382 
&1433 

&1483 

8wl533 
&1583 
&1633 
8.1683 

8.1733 
8.1788 
&1833 
&1882 
8.1832 


No. 


561 

552 
563 
554 
555 

566 

557 
558 
569 
560 

561 
562 
563 
564 
565 


Square. 


303601 
304701 
306809 
306016 


309136 
310249 
311364 
312481 
313600 

314721 
315844 
316969 
318096 
319226 

830856 
321489 
328624 
323761 
324900 

326041 
327184 
328329 
329476 
330626 

331776 


567 
568 

569 
570 

571 

572 
573 
574 
575 

576 
577 

578  334084 

579  1335241 

580  336400 


5» 
582 
583 
584 
565 

586 
587 
588 
589 
590 

591 
592 
593 
594 
595 

596 
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698 
699 
600 


Cube. 


337561 
338724 
339889 
341056 
342225 

343396 
344569 
345744 
346921 
348100 

349281 
350464 
351649 
352836 
364026 
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356409 
357604 
358801 
360000] 
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170091464 
170963875 
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177504328 
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188133617 
189119824 
190109876 
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\  199176704 
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201280056 
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204336469 
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23.4947 
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23.6432 
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23.9374 
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Tablb    XV.«— fnUe » vf    sqiiares,    ciib«ti,    «aviire    roottt,    and 

'   cvlto  »M»t»->Oontliiucd. 


No. 

Square. 

Cube. 

Sq.rt. 

Cu.rt. 

No. 
751 

Squfire. 

Culje. 

Sq.  rt. 

Cu.rt. 

701 

491401 

344472101 

26.4764 

8.8833 

564001 

423564751 

27.4044 

9.0806 

702 

492804 

•xfoiriwivo 

26.4953 

8.8875 

762 

565504 

425259008 

27.4226 

9.0937 

703 

494209 

347428927 

26.5141 

8.8917 

763 

567009 

426957777 

27.4408 

9.0977 

7D1 

49.'«16 

348913664 

25.5330 

8.8959 

754 

568516 

428661064 

27.4591 

9. 1017 

705 

497025 

350400626 

26.5618 

8.9001 

765 

570025 

430368876 

27.4773 

9.1057 

706 

498436 

351805816 

28.5707 

8.9043 

756 

571536 

432081216 

27.4965 

9.1096 

707 

499.^i9 

353393243 

26.5895 

8.9085 

757 

673049 

433798093 

27.5186 

9.1138 

?08 

6012S4 

354894912 

26.6083 

8.9127 

768 

574564 

435519512 

2V.5318 

9. 1178 

709 

£02b81 

356400829 

26.6271 

8.9169 

759 

•676081 

437245479 

27.5500 

9. 1218 

710 

£04100 

357911000 

26.6458 

8.9211 

760 

677600 

438976000 

27.5681 

9.1268 

711 

505621 

359425431 

26.6646 

8.9258 

761 

679121 

440711081 

27.5882 

9.1298 

712 

506044 

360944128 

26.6Wt3 

8.9295 

762 

580644 

442150728 

27.6043 

9.1338 

713 

508309 

362467097 

26. 7021 

8.9337 

763 

582169 

444194947 

27.6225 

9.1378 

714 

509796 

363994344 

2R.7208 

8.0378 

764 

583696 

445943744 

27.6405 

9. 141<» 

715 

511225 

365526875 

26.7395 

8.9420 

765 

585225 

447607125 

27.6586 

9.1458 

716 

512656 

367061606 

26.7682 
26.7709 

8.9462 

766 

586756 

449455006 

27.6767 

9.1498 

717 

514089 

368601813 

8.9503 

767 

588289 

451217663 

27.6948 

9.1537 

718 

515524 

370146232 

26.7955 

8.9545 

768 

589824 

452984832 

27.7128 

9.1577 

no 

616961 

371694950 

26.8142 

8.9587 

769 

591361 

454756609 

27.7308 

9.1617 

720 

518400 

373248000 

26.8328 

8.9628 

770. 

592900 

466533000 

27.7489 

9.1657 

721 

611)841 

374805361 

26.8514 

8.9670 

771 

694441 

468314011 

27.7669 

9.1606 

621284 

876367048 

26.8701 

8.9711 

772 

695984 

460099648 

27.7849 

9.1786 

522729 

377033067 

26.8887 

8.9752 

773 

697529 

461889917 

27.8029 

9.1775 

724 

624176 

370503424 

26.9072 

8.9794 

774 

699076 

463684824 

27.8209 

9.1815 

725 

525625 

381078125 

26.0268 

8.9835 

775 

600625 

465484375 

27.8388 

9.1856 

726 

S27076 

382657176 

26.9444 

8.9876 

776 

602176 

467288576 

27.8568 

9.1894 

727 

528529 

384240583 

26.9629 

8.9918 

777 

603729 

469097433 

27.8747 

9.1933 

728 

529984 

385828352 

26.9815 

8.9950 

778 

606284 

470910952 

27.8927 

9.1973 

729 

531441 

387420489 

27 

9 

779 

606841 

472729139 

27.9106 

9.2012 

730 

532900 

380017000 

27.0185 

9.0041 

780 

606400 

474552000 

27.0285 

9.2052 

731 

534361 

390617891 

27.0370 

9.0062 

781 

609961 

476379641 

27.9464 

9.2091 

732 

535824 

392223168 

27.0555 

9.0123 

782 

611524 

478211768 

27.9643 

9.2130 

733 

53r289 

393832837 

27.0740 

9.0164 

783 

613089 

480048687 

27.9821 

9.2170 

734 

538756 

395446904 

27.0924 

9.0205 

784 

614656 

481890304 

28 

9.2209 

735 

540225 

397065875 

27.1109 

9.0246 

785 

616225 

483736625 

28.0179 

9.2248 

736 

541696 

398688256 

27.1293 

9.0287 

786 

617796 

485587656 

28.0357 

9.2287 

737 

543169 

400315553 

27.1477 

9.0328 

787 

619369 

.87443403 

28.0535 

9.2326 

738 

544644 

401947272 

27.1662 

9.ft369 

788 

620944 

489303872 

28.0713 

9.2365 

739 

546121 

403583419 

27.1846 

9.0410 

789 

622521 

491169069 

28.0891 

9.2404 

740 

547600 

405224000 

27.2029 

9.0450 

790 

624100 

493039000 

28.1069 

9.2443 

741 

540081 

406869021 

27.2213 

9.0491 

791 

625681 

494913671 

28.1247 

9.2482 

742 

550564 

406518488 

27.2397 

9.0532 

792 

627264 

496793088 

28.1425 

9.2521 

743 

552049 

410172407 

27.2580 

9.0572 

793 

628849 

498677257 

28.1603 

9.2560 

744 

553536 

411880784 

27.2764 

9.0613 

794 

630436 

500566184 

28.1780 

9.2599 

745 

56S0SS 

413493625 

27.2947 

9.0654 

795 

632025 

502459875 

28.1957 

9.2638 

746 

556516 

415160936 

27.3130 

9.0694 

796 

683616 

504358336 

28.2135 

9.2677 

747 

558009 

416832723 

27.3313 

9.0735 

797 

635209 

506261573 

28.2312 

9.2716 

748 

659504 

418508992 

27.3496 

9.0775 

798 

636804 

508169592 

28.2489 

9.2754 

749 

561001 

420189749 

27.3679 

9.0816 

799 

638401 

510082399 

28.2666 

9.2793 

7S0 

562500 

421878000 

(27.3861 

9.0856 

800 

640000 

512000000 

28.2843 

9.2832 

XITGIirBBB  TOLD  XAXVAL. 
Tabli    XT. — TaUe    of  _  saaKrcat    eBfeen,    a«asre     root*,    and 
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8  is.nio 


707M  I 

I  ToeeH  I 

.    713338  I 

i    7U7U  I 


7S4MB  I 

i    736184  ' 

I    7S7S8I  I 
I    781)800 

741811 
I  743014 
I  7447S> 
.  746498 
,    748Sn 

'  751888 

I  7S3434 

I  7SGiei 

I  758800 

758511 


847»4Ba  ».4ioe   ! 

AlftMiaSO   ».»»     ! 


SBDTraSll 

ea30H84B 

865338817 


76»m 

770881 

774100 

776181 
777934     ' 
77«a»    ' 
781488 


881473000 
88S7B7841 


».8m  1 

Z9.G386  1 

».MM  1 
»,G6BS 

ia.£8H 

iS.ESTS  1 

».ei43  I 

»!6618  I 

)8   ».«88  1 


9.4M1 
B.427S 


:     797448 
798236 

.     801088 


I    807848411  moss    t 

toBaoaisa  ».ixu   i 
viueooia  s-uts  < 


71801)379 
T19SnU6 
TMlfOm 


a  10.7868  I 

e  N.7835  I 

3  )*.7»e  I 

0  n.siei  ! 

0  9.W0  i 

1  ».BI98  ! 
8  K.8W4  t 
n  U.8811  t 
II  n.asss  I 

».9UB  1 
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Table    XV. — Ta.ble 


of    s^lttarea,    eii.l»ea» 
cube  roats-~Continued. 


Mliia.re    roota^    and 


No. 

Squaro. 

Cube. 

8q.  rt. 

Cu.rt. 

No. 

Square. 

Cube. 

Sq.  rt. 

Cu.rt. 

901 

811801 

731432701 

30.0167 

9.6585 

951 

904401 

860085351 

30.8383 

9.8330 

902 

813604 

733870808 

30.a»3 

9.6620 

952 

906304 

862801408 

30.8545 

9.8374 

903 

815409 

736314327 

30.0500 

9.6656 

953 

908209 

865623177 

30.8T07 

9.8406 

904 

817216 

738763264 

30.0666 

9.6692 

954 

910116 

868250664 

30.8869 

9.8443 

905 

819025 

741217625 

30.0832 

9.6727 

955 

912025 

870983875 

30.9031 

9.8477 

906 

820836 

743677416 

30.0998 

9.6763 

956 

913936 

873722816 

30.9192 

9.8611 

907 

822649 

746142643 

30.1164 

9.6799 

957 

915849 

876467493 

30.9354 

9.8546 

908 

824464 

748613312 

30.1330 

9.6834 

958 

917764 

879917912 

30.9516 

9.8580 

909 

806281 

751069429 

30.1496 

9.6870 

959 

919681 

881974079 

30.9677 

9.8614 

910 

828100 

753571000 

30.1662 

9.6905 

960 

921600 

884736000 

30.9639 

9.8648 

911 

829921 

756058031 

30.1828 

9.6941 

961 

923521 

887503681 

31 

9.8683 

912 

831744 

758550528 

30.1993 

9.6976 

962 

925444 

890277128 

31.0161 

9.8717 

913 

833509 

761048497 

30.2159 

9.7012 

963 

927369 

893056347 

31.0322 

9.8751 

914 

835396 

763551944 

30.2324 

9.7047 

964 

929296 

895841344 

31.0483 

9.8785 

915 

837226 

766000875 

30.2490 

9.7082 

965 

93U2,25 

898632125 

31.0644 

9.8819 

916 

839056 

768575296 

30.2655 

9.7118 

966 

933156 

901428696 

31.0805 

9.8854 

917 

840889 

771095213 

3a  2820 

9.7153 

967 

935089 

904231063 

31.0966 

9.8888 

918 

842724 

773620632 

30.2985 

9.7188 

968 

937024 

907039232 

31.1127 

9.8922 

919 

844561 

776151559 

30.8150 

9.7224 

969 

938961 

909853209 

31.1288 

9.8056 

920 

846400 

778688000 

30.3315 

9.7259 

970 

940900 

912673000 

31.1448 

9.8900 

921 

848241 

781229061 

30.3480 

9.7294 

971 

942841 

915498611 

31.1600 

9.9024 

922 

850084 

783777448 

30.3645 

9.7329 

972 

944784 

918330048 

31.1769 

9.90R8 

923 

a'>1929 

786330467 

90.3809 

9.7364 

973 

946729 

921167317 

31.1929 

9.9002 

924 

853776 

788889024 

30.3974 

9.7400 

974 

948676 

924010424 

31.2090 

9.9126 

925 

855625 

791453125 

30.4138 

9.7435 

976 

950625 

926859375 

31.2250 

9.9160 

926 

857476 

794022776 

80.4302 

9.7470 

976 

952576 

929714176 

31.2410 

9.9194 

927 

859329 

796597983 

30.4467 

9.7505 

977 

954529 

932574833 

31. 2670 

9.9227 

928 

861184 

799178752 

30.4631 

9.7540 

978 

956484 

936441352 

31.2730 

9.9261 

929 

863041 

801765089 

30.4795 

9.7675 

979 

958441 

938313739 

31.2890 

9.9295 

930 

864900 

804357000 

80.4959 

9. 7610 

980 

960400 

941192000 

3L3050 

9.9329 

931 

866761 

800954491 

30.5123 

9.7645 

981 

962361 

944076141 

31.3209 

9.93^ 

982 

868624 

809657568 

30.5287 

9.7680 

982 

964324 

946966168 

31.3309 

9.9396 

933 

870480 

812166237 

30.5450 

9. 7715 

983 

966289 

949862087 

31.3528 

9.9430 

934 

872356 

814780604 

30.5614 

9.7750 

984 

968256 

952763904 

31.3688 

9.9464 

935 

874225 

817400375 

30.5778 

9.7785 

985 

970225 

955671625 

31.3847 

9.9497 

936 

876006 

820025856 

30.5941 

9.7819 

986 

972196 

95S585256 

31.4006 

9.9631 

937 

877909 

822565053 

30.6105 

9.7854 

977 

974169 

961504803 

31. 4166 

9.9665 

938 

879844 

825298672 

dO.6268 

9.7889 

988 

976144 

964430272 

31.4325 

9.9688 

939 

881721 

827936019 

30.6431 

9.7924 

989 

978121 

967361669 

31. 4484 

9.9632 

940 

883600 

830584000 

30.6594 

9.7959 

990 

980100 

970299000 

31.4643 

9.9666 

9<1 

885481 

838237621 

30.6757 

9.7993 

991 

982081 

973242271 

31.4802 

9. 9099 

942 

887304 

835896888 

30.6920 

9.8028 

992 

984064 

976191488 

31.4960 

9.9733 

943 

880249 

838561807 

30.7083 

9.8063 

993 

986049 

979146657 

31.5119 

9.9f66 

944 

891136 

841232384 

30.7246 

9.8097 

994 

988036 

982107784 

31.5278 

9.9800 

945 

803025 

843908625 

30.7409 

9.8132 

995 

990026 

985074875 

31.5436 

9.9K33 

946 

894916 

846590636 

30.7571 

9.8167 

996 

992016 

988047936 

31.5595 

9.9866 

947 

896809 

849278123 

80.7734 

9.8201 

997 

994009 

991020973 

31.5753 

9.9900 

918 

808704 

851971392 

30.7896 

9.8236 

998 

996004 

994011992 

31.5911 

9.9933 

949 

900601 

854670349 

30.8068 

9.8270 

999 

998001 

997002999 

31.6070 

9.9967 

950 

902500 

857375000 

30.8221 

9.8305 

1000 

1000000 

1000000000 

31.6228 

10 
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*r/s  i^fl  the  im«*re  iMvet  of  a  decimal  fraction  or  mixed 

*  \^  --Vrr.  the  fore|?oliiR  tatole,  multiply  by  100  or  by  10,000  and 

%,*.^  »^      vrn-t  in  the  column  of  squares.     Tbe  corresponding  num- 

..     ^.    1  -vt  4v.lnmn.  with  the  decimal  point  one  or  two  places  to 

*  \^'  1  '  '>V^<-«1»>«"  »'^x>*  o^  ^  similar  number,  multiply  by  1,000  or 

'^  ♦  ♦ '  '«'«M    jiTrd  find  the  nearest  number  In  column  of  cubes.     The 

'    ,  .     .n.?5T,i  nnmber  in  the  first  column,  with  the  decimal  point  one 

.,"    ...ovv  to  tb^  left,  is  the  desired  root. 

x^*  ».»*»1<-*.:  K<»quiivd  the  square  root  of  5.246. 

^    -.\^     }y    KV;  the   result   is   524,    which   found   In   column    of 

-  V  ';'    rioASsit^  '2>^  In  the  column  of  numbers.    Moving  the  decimal 

",„;  r.'ii'oe  t*>  the  left  to  correspond  with  the  multiplication  by 

.    '     »>><'•  *^  f<">r  the  desired  square  root,  to  the  first  place  of  deci- 

r,r-  ^'o'TvN^  approximate  only.     Second  :  Multiply  by  10,000 ;  the 

.\    K  X'  '^^H^,  xvliich  found  in  the  columns  of  squares  Is  opposite  229 

^     ...     ^.»'r,#r,r.  <^  numbers.     Moving  the  decimal  point  two  places  to 

,   .    ^f  ^vnY«q>oDd  to  the  multiplication  by  10,000,  the  result  is 

«-i  t  •>  1«  (U^  desired  root  to  the  second  place  of  decimals. 

x>>,...^,V   .V,^  cul)e  root  of  5.246.     Multiply  by  1,000,  giving  5,246, 

\'  *«  A,.T^^  \tt  the  column  of  cubes  is  opposite  tlie  number  17  in  the 

s't,.f»/i      Moving  the  decimal  point  one  place   to  the  left   to 

vJ^.•>/  ^v»  (he  multiplication  by  1,000  gives  1.7,  which  is  the  re- 

..V      ..,>*>    r\>ot    to    one    decimal    place.      Again     multiplying    by 

K>   \f\^  i^xx»»  5,246,000,   which  found   in   the  column  of   cubes   is 

v.'^/m*^  number   174   In  the  column   of  nupabers.     Moving   the 

x     u.,*    ¥«,Nint  two  places  to  the  left  to  correspond  with  the  multl- 

:,.,  \^,  K\i   t.000,000,  gives  the  number  1.74,  which  is  the  desired 

/s    s^  vNMTtect  to  two  places  of  decimals. 

•^    VlV^^  ^^^^  sauare  root  or  cube  root  of  a  nainber  greater 
.V  \    \s^\  ^^^  ^^^  nearest   number   in   the   column  of  squares  or 
.'s>^   t'ffA  ttike  the  correspondinjg  number  in  the  first  column,  whicb 
.s  •'.  'v  'l>vn*wt  for  the  number  "of  figures  it  contains. 

\\.s    <iW  fourtb  root,  take  the  square  root  of  the  square  root. 
*•,     -K*^  nlxtb  root,  the  square  root  of  the  cube  root,  or  the  cube 
^ '    si  Ih0  sauare  root.    Hlgrber  roots,  the  indices  of  which  can  be 
n.  «o4v>l  tn  3  s  and  2'8,  may  be  taken  in  the  same  way. 

'*"r    i^realar  functions. — ^Those  most  used  are  shown  graphi* 

x(  •>   \w  figure  85.     They  bear  a  definite  relation  to  the  radius  of  a 

'« Jv  ^(^  which  they  are  drawn.     When  the  radius  is  unity,  functions 

s    vA\U)d  natural,  as  nat.  sine,  nat.   tangent,   etc.     Their  values 

^  V   iiwn  in  Table  XVI  for  each  10'  of  arc.    The  tabulated  values  are 

.V  iv*^  Kit  the  several  functions  to  the  radius,  and  if  any  length,  ex- 

>  \s«tvHi  In  any  unit,  considered  as  a  radius,  be  multiplied  by  a  tabular 

I  .^A^^»)\  the  result  will  be  the  corresponding  function  of  the  circle 

'    i\kV>  given   radius.     The  table  gives   values  from  0  to  90**.      For 

,isx4|t>r  angles,  use  the  following  relations :  Subtract  the  given  angle 

\,yux  180*  or  360*'.  or  subtract  180"  from  the  angle,  as  may  be  re- 

MiUtHl.  to  leave  a  remainder  of  90°  or  less.     Take  out  the  required 

'(iuvtion  of  the  remainder,  which  is  also  that  of  the  given  angle. 

interpolation  for  values  not  in  the  table  may  be  done  approximately 
't,\  iMkIng  the  proportional  amount  of  the  difference  between  two  con- 
tvyultve  values.  Thus,  for  the  sine  ot  28"  43'  take  the  sine  of  28' 
w  plus  A  of  the  difference  between  sine  28**  40'  and  sine  28"*  50'. 
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'  I  Tablb  XVL 

118.  Ifatnral  sines  and  tanarents  to  a  radius  1 : 


Arc. 

Sine. 

Tang. 

Ck)tang. 

Cosine. 

O    / 

0  00 

.0000000 

.000000 

Infinite. 

1.0000000 

0    / 

90  00 

10 

.0029089 

.002908 

343. 7737 

.9999958 

50 

20 

.0058177 

.005817 

171.8854 

.9999831 

40 

30 

.0067265 

.008726 

114. 5886 

.9999619 

30 

40 

.0116353 

.011636 

85. 93979 

.9999323 

20 

50 

.0145439 

.014545 

68.75008 

.9998942 

10 

1  00 

.0174524 

.017455 

57.28996 

.9998477 

89  00 

10 

.0203608 

.000365 

49.10388 

.9997927 

50 

20 

.0232690 

.023275 

42.96407 

.9997292 

40 

30 

.0261769 

,026185 

3&  18845 

.9996573 

30 

40 

.0290847 

.029097 

34. 36777 

.9995770 

20 

60 

.0819922 

.082008 

3L  24157 

.9994881 

10 

2  00 

.0848995 

.084820 

28.63626 

.  vWooUo 

88  00 

10 

.0878065 

.037833 

26.43160 

.9992851 

50 

20 

.0407131 

.040746 

24.54176 

.9991709 

40 

30 

.0436194 

.043660 

22.90376 

.9990482 

30 

40 

.0465253 

.046575 

21.47040 

.9960171 

20 

50 

.0494308 

.049491 

20.20555 

.9967775 

10 

3  00 

.0523360 

.052407 

19.08113 

.9966295 

67  00 

10 

.0552406 

.  01)5325 

18.07497 

.9984731 

50 

20 

.0681448 

.058243 

17. 16933 

.9983082 

40 

30 

.0610485 

.061162 

16.34985 

.  V<lolu4o 

30 

4w 

.0639517 

.064082 

15.60478 

.9979530 

20 

50 

.0668544 

.067004 

14.92441 

.9977627 

10 

4  00 

.0697565 

.060926 

14.30066 

.9075641 

86  00 

10 

.0726580 

.072650 

13.72673 

.9973569 

60 

20 

.0755589 

.0r;5775 

13.19688 

.9971413 

40 

30 

.0784591 

.078701 

12.70620 

.9960173 

ao 

40 

.0613587 

.081629 

12.25060 

.9966849 

20 

50 

.0642576 

.064558 

11.82616 

.  iniomu 

10 

6  00 

.0671567 

.067488 

11.43005 

.^1947 

85  00 

10 

.090a<>32 

.000420 

11.05043 

.9059370 

60 

20 

.0029490 

.093354 

10.71191 

.9966708 

40 

30 

.0068458 

.006289 

10.38539 

.9053962 

30 

40 

.0067406 

.099225 

10.07803 

.9951132 

20 

50 

.1016351 

.102164 

9.788173 

.9948217 

10 

6  00 

.1045285 

.105104 

9.514364 

.9945219 

84  00 

10 

.1074210 

.108046 

9.255303 

.9942136 

60 

20 

.1103126 

.110989 

9.009826 

.9938969 

40 

30 

.1132032 

. 113935 

8.776887 

.9935719 

30 

40 

.1160929 

.116883 

8.555546 

.9932384 

20 

60 

.1189616 

.U0a32 

8.344055 

.9928065 

10 

7  00 

.1218693 

.122784 

8.144346 

.9925462 

83  00 

t 

.1247560 

.125738 

7.953022 

.9921874 

60 

ft 

.1276416 

.128694 

7.770350 

.9918204 

40 

30 

.1305262 

.131652 

7.595754 

.9914449 

30 

40 

.1334096 

. 134612 

7. 428706 

.9910610 

20 

50 

.m2919 

.  137575 

7.268725 

.9906687 

10 

s  Cosine. 

Cotang. 

Tang. 

Sine. 

Arc. 
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•I  Am 

1«K   .A.V  A. HI 

ivvru  9»ea 

1  ana  ■xmmts* 

inxm — ^onum 

nea. 

Afo- 

sine. 

Tang. 

Cotang. 

Cosine. 

1 
1 

0            ' 

.1301731 

.140540 

7.115369 

.9902681 

1 
82   GO 

10 

,1420531 

.143508 

6.968233 

.9998590 

50 

20 

,1449319 

.146478 

6.826943 

.9894416 

40     , 

SO 

.1478094 

,149451 

6.601156 

.9699159 

30     1 

40 

.1506857 

.152426 

6.560453 

.9885817 

20 

SO 

.1535607 

.155«4 

6.434842 

.9881392 

10 

9   00 

.1564345 

.158384 

6.313751 

.9676883 

81    00 

10 

.1593009 

.161367 

6.197027 

.9872291 

50 

30 

.1621779 

.164353 

6.084438 

.9867615 

40 

80 

.1650476 

.167342 

5.975764 

.9862856 

30 

40 

.1679159 

.170334 

5.870804 

.9858013 

20 

50 

.1707828 

.173329 

5.760368 

.9853087 

10 

10    00 

.1736482 

.176327 

5.671281 

.9848078 

80    00 

10 

.1765121 

.179327 

5.576378 

.9642985 

50 

20 

.1793746 

.182331 

5.484505 

.9638806 

40 

90 

.1822355 

.185339 

5.395517 

.9632549 

30 

40 

.1850949 

.188349 

5.309279 

.9627206 

20 

50 

.1879528 

.191363 

5.225664 

.9821781 

10 

11    W 

.1908090 

.194380 

5.144554 

.HK16272 

79    00 

10 

.1936636 

.197400 

5.065835 

.9810680 

50 

20 

.1963166 

.200424 

4.989402 

.9805005 

40 

SO 
40 

.1993679 
.2022176 

.203452 
.206483 

4.915157 
4.843004 

.9799247 
.979^406 

30 
20 

50 

.2050655 

.209518 

4772856 

.9787483 

10 

12   00 

.2079117 

.212556 

4.704630 

.9781476 

78    00 

10 

.2107561 

.215506 

4.638245 

.9n5386 

50 

20 

.2135988 

.218644 

4.573628 

.0702215 

40 

^ 

.2164396 

.221694 

4.510708 

.9762960 

30 

40 

.2192786 

.224748 

4.449418 

.9756623 

20 

50 

.2221158 

.227806 

4.389694 

.9750203 

10 

n   0 

.2240511 

.230868 

4.331475 

.9743701 

77    00 

10 

.2277844 

.233934 

4.274706 

.9737116 

50 

30 

.2306150 

.237004 

4.219331 

.9730449 

40 

SO 

.2334454 

.240078 

4.165299 

.9723699 

30 

40 

.2362729 

.243157 

4.112561 

.9716867 

20 

50 

.2300984 

.246240 

4.061070 

.9709353 

lO 

14    00 

.2419219 

.249328 

4.010780 

.9702957 

70    OO 

10 

.2447433 

.252420 

3.961651 

.9695879 

SO 

20 

.2475627 

.255516 

3.913642 

.9688719 

40 

30 

.2503800 

.258617 

3.866713 

.9681476 

SO 

40 

.2531952 

.261723 

3.820828 

.9674152 

20 

50 

.2560062 

.264833 

3.776951 

.9660746 

lO 

15    00 

.2588190 

.267949 

3.732060 

.9650258 

76  no 

10 

.2616277 

.271069 

3.689092 

.9651681 

*50 

20 

.2644342 

.274194 

3.647046 

.9644087 

40 

30 

.2672384 

.277324 

3.605883 

.9636305 

30 

40 

.27U0403 

.280459 

3.565574 

.9028490 

20 

M 

.2728400 

.283599 

3.526003 

.9020694 

lO 

Cosine. 

Cotang. 

Tang. 

SiiM.     " 

Arc 
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Aze. 

• 

Bine. 

Tang. 

Cotang. 

CkMdna. 

Id  00 

.2760374 

.2S6745 

3.487414 

.0612617 

o   / 

74  00 

10 

.2784324 

■  28BWD 

8.449512 

.9604568 

50 

20 

.2812251 

.203052 

8.412362 

.0506118 

40 

30 

.2840153 

.206213 

3.378943 

.9688197 

30 

40 

.2868032 

.299880 

3.340232 

.9679<)96 

20 

fiO 

.2805887 

.302552 

8.305209 

.9671512 

10 

17  00 

.2023717 

.305730 

3. 270852 

.9668048 

73  00 

10 

.2051522 

.308914 

3.237143 

.9654502 

50 

20 

.2079303 

.312103 

3.204063 

.0545876 

49 

30 

.3007058 

.315298 

3. 171594 

.9537170 

30 

40 

.3034788 

.318499 

3.139719 

.9528382 

20 

50 

.3062492 

321706 

8.108421 

.9619514 

10 

18  00 

.3000170 

.321919 

8.077683 

.9610666 

72  00 

10 

.3117822 

.328138 

8.047491 

.0501536 

50 

20 

.3145448 

.331363 

3.017830 

.0492426 

40 

80 

.3173047 

.334595 

2.088685 

.9483237 

30 

40 

.3200619 

.337833 

2.960042 

.9473966 

20 

fiO 

.3228164 

.341077 

2.981888 

.94M616 

10 

19  00 

.3256682 

.344327 

2.904210 

.9455186 

71  00 

10 

.3283172 

.347584 

2.876097 

.9445675 

50 

• 

20 

.331t)634 

.360848 

2.850234 

.9436066 

40 

30 

.3338069 

•  .354118 

2.823912 

.9426415 

80 

40 

.^{365475 

.367395 

2.798019 

.9416665 

20 

SO 

.3302852 

.360679 

2.772644 

.9406835 

10 

• 

20  00 

.3420201 

.363970 

2.747477 

.9890926 

70  00 

10 

.3447521 

.367268 

2.722807 

.9886038 

60 

20 

.3474812 

.370572 

2.608525 

.9876860 

40 

30 

.3502074 

.373884 

2.674621 

.9866722 

30 

40 

.3529806 

.377208 

2.651086 

.9866495 

20 

SO 

.3566608 

.380530 

2.627912 

.9846189 

10 

2L    00 

.3683679 

.383864 

2.606089 

.9835804 

60  00 

10 

.3610821 

.387205 

2.582609 

.9325340 

50 

20 

.3637932 

.390554 

2.500164 

.9814797 

40 

30 

.3665012 

.393910 

2.538647 

.9804176 

30 

40 

.3602061 

.397274 

2.617150 

.0298475 

20 

SO 

.3710079 

.400646 

.2.495966 

.9282606 

10 

22   00 

.3746066 

.404026 

2.475086 

.9271839 

68  00 

10 

.3773021 

.407413 

2.454506 

.9260902 

60 

20 

.oTovvM 

.410800 

2.4S4217 

.0240888 

40 

30 

.3826834 

.414213 

2.414213 

.9238795 

30 

40 

.386360^ 

.417625 

2.394488 

.9227624 

20 

fiO 

.3880518 

.421046 

2.375037 

.9216375 

10 

as  00 

.3907811 

.424474 

2.355862 

.9a050«» 

67  00 

10 

.3084071 

.427912 

2.336028 

.9193644 

60 

20 

.3060796 

.431367 

2.318260 

.9182161 

40 

30 

.3967491 

.434812 

2.299842 

.9170601 

30 

40 

.4014160 

.438275 

2.281660 

.0168963 

20 

fiO 

.4040776 

.441747 

2.263736 

.9147247 

10 

COBIIM. 

Cotang. 

Tang. 

Sine. 

Aio. 

•II    14   1 
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Are. 

&te». 

T^ 

Cotsns. 

c^ 

- 

24    'W 

.406731)6 

.44522? 

2L2+5i:05 

.9I3»(5o 

• 
«6    » 

10 

.WM3&23 

.44ST1S 

2L22>.V:.7 

.nssoM 

50 

3J 

.4120445 

.452217 

2:211323 

.9111<537 

40 

3(J 

.4i4til»2 

.45573^ 

2.1^4299 

.9080613 

3i) 

4«) 

.4i:33S.5 

.4S9243 

2.177492 

.9087311 

20 

30 

.•IISMbOI 
.482$!^ 

.4fif..l 
.4B6307 

X 160895 
2L 144506 

.9075333 

10 

25    >3U 

^Mdn^Q 

Co    00 

10 

.«52o3S 

.46»o3 

2:l2<i21 

l90a»7746 

50 

T) 

.427SS3S 

.47^4^9 

ZILZSM 

.9Q3S33$ 

40 

30 

.431X5111 

.476975 

2L096.S43 

.9025853 

30 

40 

.4S31^IS 

.4SaS51 

2L0N1943 

.9013292 

30 

oO 

.4So754S 

.4»4136 

2L  065531 

.9UU065I 

10 

26    00 

.4383711 

.487732 

2L  050303 

.8087940 

64    00 

10 

.4I09I!3$ 

.491355 

2L  035256 

.8075151 

50 

3D 

.4435927 

.49^54 

2L0203S6 

.8062285 

40 

30 

.4461978 

.498581 

2.005689 

.8049344 

30 

40 

.4187992 

.,W221S 

1.991163 

.80136326 

20 

50 

.4513967 

.505866 

1.976805 

.8023234 

10 

27    00 

.4539905 

.500525 

L 962610 

.8010065 

C3    00 

10 

.4565SOI 

.513195 

L  948577 

.8896822 

50 

20 

.4591665 

.516875 

L  934702 

40 

30 

.4617486 

.520567 

L 920982 

.8870108 

30 

40 

.4^13269 

.524269 

L 907414 

.8856639 

20 

50 

.4669012 

.327983 

L893997 

.8843095 

10 

»    00 

.4694n6 

.5317D9 

1,880726 

.8829476 

e2    00 

10 

.4720380 

.535446 

1.867600 

.8815782 

50 

20 

.4746001 

.539195 

1.854615 

.8802014 

40 

30 

.4ni588 

.542955 

1.841770 

.8788171 

30 

40 

.4797131 

.546728 

1.829062 

.8774254 

20 

50 

.4822634 

.5S0512 

1.816489 

.8760263 

10 

89    00 

.4848096 

.554309 

1.804047 

.8746197 

61    00 

10 

.4873517 

.558117 

1.791736 

.8732058 

50 

20 

.4898897 

.561939 

L  779552 

.8717844 

40 

30 

.4924236 

.565772 

1. 767494 

.8703557 

30 

40 

.4949532 

.569619 

1.755559 

.8689196 

20 

50 

.4974787 

.57^78 

1.743745 

.8674762 

10 

$0    00 

.5000000 

.577350 

1.732050 

.8660254 

60    00 

10 

.5025170 

.581235 

1.720473 

.8645673 

50 

20 

.5050298 

.585133 

1.709011 

.8631019 

40 

30 

.5075384 

.589045 

1.097663 

.8616292 

30 

40 

.5100426 

.592969 

1.686426 

.      .8601491 

20 

50 

.5125425 

.596908 

1.675298 

.8586619 

10 

ai    00 

.5150381 

.600860 

L664279 

.8671673 

89    00 

10 

.  5175293 

.604826 

1.653366 

.8556655 

50 

20 

.5200161 

.608806 

1.642657 

.8541564 

40 

30 

.  5224986 

.612800 

1.631851 

.8526402 

30 

40 

.  5249766 

.616809 

1.621246 

.8511167 

20 

50 

.  5274502 

.620832 

1.610741 

.8495860 

10 

Cosine. 

Gotang. 

Tang. 

BiiM. 

Arc. 

146 


Arc. 

Bine. 

1 

Tang: 

GotdBg. 

CofAne. 

• 

32  00 

.5299193 

.624860 

1.600334 

.  9HfU4ox 

o    / 

58  00 

10 

.5323839 

.628921 

1.590023 

,8465030 

50 

20 

.5348440 

.632988 

1. 579807 

.8449508 

40 

30 

.5372996 

.637070 

1.569685 

.9^914 

30 

40 

.5397507 

.641167 

1.559665 

.  9418249 

20 

50 

.5421971 

.645279 

1. 649715 

.8402513 

10 

33  00 

.5146390 

.649407 

1.639865 

.8386706 

77  00 

10 

.5470763 

.653551 

1.530102 

.  8370827 

50 

20 

.5495090 

.657710 

1.520426 

.  8354878 

40 

30 

. 5519370 

.661885 

1, 510835 

.8338858 

30 

40 

.5543603 

.fli66076 

1. 501328 

.8322768 

20 

50 

.5567790 

.670284 

1. 491903 

.8306607 

10 

34  00 

.5591929 

.674508 

1.482561 

.8290376 

56  00 

10 

.5616021 

.678749 

1, 473298 

.8^4074 

50 

20 

.5640066 

.S83006 

1.464114 

.8^7703 

40 

30 

.5664062 

.687281 

1.455009 

.8241262 

30 

40 

.56S8011 

,691572 

1.445980 

.8224751 

20 

iO 

. 5711912 

.895881 

1.437028 

.8208170 

10 

85  80 

.  5785764 

,700207 

1.428148 

.  8191520 

55  00 

10 

.5759568 

.704551 

1.419342 

.  8174801 

50 

20 

.5783323 

.708913 

1.410609 

.8158013 

40 

30 

.,5807030 

.713293 

1.401948 

.  8141155 

30 

40 

,5880687 

.n7691 

L 393357 

.8124229 

20 

10 

.5854294 

.722107 

1.384835 

.  8107234 

10 

ae  fo 

.6877853 

.7i26542 

1.376381 

.8090170 

^    54  00 

10 

.5901361 

.730996 

L 367995 

.  8073038 

50 

20 

.$924819 

.735469 

1.359676 

.8055837 

40 

30 

.5948228 

.739961 

1.351422 

.8038569 

30 

40 

'  .5971586 

.744472 

1.343233 

.  8021232 

20 

50 

.5994893 

.749003 

1.335107 

.8003827 

10 

87  00 

.6018150 

.753654 

1.327044 

.7986355 

53  00 

10 

.6041356 

.758124 

1.319044 

.7968815 

50 

20 

.6064511 

.762715 

1. 311104 

. 7951208 

40 

30 

.6087614 

.7ff7327 

1.303225 

.7983533 

30 

40 

.6110666 

. 771958 

1. 295405 

.  7915792 

20 

50 

.6133666 

.776611 

1.287644 

.7897983 

10 

38  00 

.6156615 

.781285 

•'  1.279941 

.7880108 

"   52  00 

10 

.6179511 

.785980. 

1.272295 

.  7862165 

50 

20 

.evima 

.790697 

1.264706 

.  7844157 

40 

30 

.6225146 

.795435 

1. 257172 

.  7826082 

^ 

40 

.6247885 

.800196 

1.249603 

.7807940 

20 

50 

.6270671 

.804979 

1.242268 

.7789733 

10 

39  00 

.6293204 

.809784 

1.284897 

.7771460 

51  00 

10 

.6315784 

.  814611 

1. 227578 

.7753121 

50 

20 

.6338310 

.819462 

1.220312 

.7734716 

40 

30 

.6360782 

.824336 

1. 213097 

.7716246 

30 

• 

40 

.6383201 

.829233 

1.205932 

.  7697710 

20 

50 

.6405566 

.834154 

1.198818 

.  7679110 

10 

Cosine. 

Cotang. 

Tang. 

Sine. 

Arc. 

94346'>— 17- 
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,  .  .    \^  ^    <\vitHivml  SlAes  AAd  Tanflr«i&t«-^Con tinned. 


li 


U' 


.0 

0 
.0 

.0 
.'0 
iU 
.0 
.0 

IV 
10 
.JO 
AO 
10 

.so 


43    UO  I 
20  i 

•iO 
50 

10 
20  > 

ao 

40 
60, 

45    00  ' 


»*»*^. 

Tang. 

Gotang. 

Cosine. 

.  J**'^'^ 

•  839099 

1. 191753 

.7660444 

o    / 

60  00 

>*v^^ 

.844068 

1.184737 

.7641714 

SO 

>4'  ♦rt.'i* 

.849062 

1.177760 

.7622919 

40 

>.t*t4JJ^i 

.854060 

1.170849 

.7604060 

30 

.  A»uor^ 

.859124 

1.163976 

.7585136 

20 

..>^^4MW 

.864192 

1.157149 

.7566148 

10 

.M^a«o 

.860286 

1.150368 

.7547096 

49  00 

.«\v'«dMO 

.874406 

1.143632 

.7527960 

50 

.  \Ammi 

.879552 

1. 136041 

.7508800 

40 

.  V«i^tl200 

.884725 

1.130294 

.7480557 

30 

.  titi47959 

.889924 

1.123690 

.7470251 

20 

.ttkttllWOl 

.895150 

1. 117130 

.7450881 

10 

,(ltm306 

.900404 

1. 110612 

.7431448 

48  00 

,  0712805 

.905685 

1. 104136 

.7411953 

50 

.0734427 

.910904 

1.097702 

.7392394 

40 

,  0755002 

.916331 

1.091308 

.7372773 

30 

.0777320 

.921696 

1.084955 

.7353090 

20 

,0708681 

.927091 

1.078642 

.7333345 

10 

.0810064 

.932515 

1.072368 

.7313537 

47  00 

.6841229 

.937968 

1.066134 

.7203668 

50 

.6862416 

.943451 

1.059938 

.7373736 

40 

.6883546 

.948964 

1.053780 

.725^44 

30 

.6004617 

.954508 

1.047659 

.7389600 

20 

.6025630 

.960082 

1.041576 

.7213574 

10 

.6046584 

.965688 

1.035530 

.7103398 

46  00 

.6067479 

.971326 

1.029520 

.7173161 

50 

.6088315 

.976095 

1.023546 

.7152863 

40 

.7009003 

.982697 

1.017607 

.7132504 

30 

.7029811 

.988431 

1.011703 

.7112066 

20 

.7050469 

•  ov41>n) 

1.005834 

.7091607 

10 

.7071068 

1.000000 

1.000000 

.7071068 

45  00 

Cosine. 

Gotang. 

Tang. 

Sine. 

Arc. 

I 


111).  Properties  of  circles. — The  ratio  of  the  diameter  to  the 
ci I  cu inference  is   represented   in  mathematics  by  «-  called  Pi.      Its 
uliu!   can   not   be   exactly   expressed.     To   5   decimal   places   it   is 
.H169,  which  equals  -▼"  nearly.     Log.  w  equals  0.4071499. 

Diam.  X  3.14159  —  clrc. 

I>iam.  X  0.886277  ««  side  of  square  of  equal  area. 

Dlam.  X  0.  7071  =  side  of  inscribed  square. 

14  ^  D«  «  0.7854  X  D"  «=  Area  of  the  circle. 

,  r*  ^  3.1416  X  r«  —  Area  of  the  circle. 

The  length  of  an  arc  of  n*  =—  m  X  0.017453. 

Example:  If  the  radius  is  542  ft.,  the  len^^h  of  an  arc  of  18° 
20'  =  18°. 33  X  542  X  0.017453  =  165.6  ft. 


ASQOmAISSAirCS.  wt 

120.  Prop^rttea  of  aome  pUine  flyareai*— Tviangl^s  are  elAVsed 
as  equilateral  when  the  8  sides  are  of  equal  lengtb;  laoceles,  when 
two  sides  only  are  equal ;  acute-angled,  when  each  of  its  angles  is 
less  than  9Q° ;  obtttse4u[iigled»  when  one  angle  is  greater  than  90°. 

The  sum  of  the  angles  of  any  triangle  is  180**.  The  sides  are 
directly  proportional  to  the  sines  of  the  opposite  angles,  the  greatest 
and  least  sides  opposite  the  greatest  and  least  angles. 

Formulas  for  the  solution  of  plane  triangles.  (Fig.  86.) 

Given  2  lldes,  as  a  and  h,  and  an  angle  opposite  to  one  of  them, 

a  sin.  B  _         a  sin.  C 

Sin.  A- — 5 — J  C-lSO'-U+fi);  c-g^^-. 

Given  2  angles  as  A  and  B  and  the  included  side  o,  the  most  com- 
men  case. 

^   , ,^     _,        csin.il.  .    a  sin.  £ 

Given  2  sides  at  «  and  bj  and  the  included  angle  C. 

im''^C^A+B     . 

A    A-^-B    A-B         A+B    A—B         a8in.<7 
-*"    2    "*■    2    »'^"'     a    "     3    '^^8ln.j4* 

Given  the  3  sides — 

g+ft-fc    „     .    A       ka-b)  (S-c). 

.    8in.Y-V         ^j^         .  sln,2-V ^6 

For  every  flarlit-anflrled  triangle  the  sine  of  the  right  angle  is  1 
and  the  following  relations  result :  The  side  opposite  the  right  angle 
is  called  the  bypotl&enuse  (fig.  86). 

Hypothenuse— a—c-hsin.  C-cXsec.  •^"'cos  C' 

— 6Xsec.C»-V&*+c«; 

b— axsin-  B=-oXoo8.  C^cXcotang.  C«cXtang.  £; 

c*->aXsin.  C^aXcos.  J^^bXtang.  C; 

b  c 

sin.  ^—♦troos.  C;  sin.  C^-ri-ieos.  B; 

b  c 

tang.  J?—— —  cotang.C;  tang.Cf»-^«cotang.  B^ 


Jr-   '-y^yi  '*^.^wo^*i  '*  3ft«Jft.  t»  •»  a»i  %<  wl  half  tSeir  lesisth. 


liftOv-'»*^,^iy7  «dEl««  ^^  ^'^^^  w!i!^?i   b^T*   Tb-.  sas»e>   aar!^    and 

•«-<t^*'^i*-Jr  '**^^I«^^^^  5i«i»?9w    T^e  raco  lj*r»T«-j  cocresw>c:<iiiig  sides 

triangle   a.nd 

.   ?  known    the 

smpl^st  test  of 
parallel  or  per- 
great  atility   In 

^•'.o'*-''';,'^£a4try-        «A«a>«  e«;-:i!?  tte  diaiaeter  of  an  inscribed  circle ; 
sr  'i    -   -.ia*"  <**  ^'^  .T -.'tKn^Ti?»?d  drcie  X  aiOTl.    Tbe  diagonal  of 


f*^    iiaoi'^'*"'    '^^  ^.,1»»  A.   1.4142- 
S  '^  ir»?  -<i^i^'^  ..  - ..  r,  i,?  .'IX.  ^•-'    •^I'lals  one-half  the  sum  of  the  par- 
X  ^^  ir»^a  ^^  *  T   >,,  :il    - -li-Hi   .T  t~-  di trance  between  them,  €f. 

-^U..-^s  i^  i^'j  rr-i' M-iO — co'  tw>  sides  parallel — ifig.  90 »    equals 
1*  :;w^  7v*   Sjii^o*-'^*^  anltipoed  br  the  som  «f  the  peipaidicuUirs, 

loe-^-*,  "xv.        ^        ^ex«x««  «»*-r:al5  tbe  radios  of  a  circumscribed 

^  ^te^    ***T.T^  ee  la's  tiie  st;uare  of  one  side  X  2.59S.    The  side  of 
T^  T:ne  are*  '^.^  ri  lia^  oc  a  cirvumscribed  ciitde  X  0.7633.     The 

^         ,    -  i'*^  ^^^  «^X't««^«*  »•  «  »^««re  ifis-  91  >. — ^Prom  each  comer 

-'^  ar*^  •      .j,^r  to  oa^hAlf  the  diagonal  describe  arcs  as  shoOT. 

'T  *   '*'l:>-u-<\tt   ^vi^UH  thev  cut  the  sides.  ^  It  a  sqnare  stick   be 


'-  '         >..»  •  tv  off  auY  ascsuraed  distance  as  many  times  as  the  num- 

*^^    *  \»t>^  vle*ir^.    Join  the  last  point  so  determined  with  the 

^l^    mU*  i»tto      Ihrousih  «ch  of  the  points  marked  on  the  aux- 


^h^llwe  V»xl«  as  at  h  (fig:  95).    Draw  a  stralj^t  line  he 
'vutlil  tx?  ?h"  arc  on  the  other  side  aa  at  d.    5&ie  line  da 
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From  a  given  polot  to  let  fall  a  perpendicular  to  a  Eiven  line.  From 
the  given  point  (flg.  »4)  deiicrlbe  an  arc  cutting  the  Tine  twice.  With 
these  two  points  proceed  as  In  erecting  a  perpendicular  at  a  given 
point  (fig.  92)  or  bisect  the  portion  at  the  line  between  the  Interaec- 
tlonn,  aa  at  a,  and  draw  the  line  ad,  which  1b  the  perpendicular  te- 
rn. i.:..ii,.  _   _f.„i . —  ... 1  •!. ■ 1_»_.  jqIp  (|,g 

a  blaectlns 


Lla. 

regular  polygoni 

-'   — 111   of   IL-.- 

eacb  othei 


Cli 


as  the   aqnares  of 

correKpondlnR  aneles  to  opposite  sides,  e... 

:o  each  otber  aa  the  squares  of  the  aides  or  diaso- 

h  other  HB  the  squarea  of  the 

Ircamacrlbed  circles. 

Hquares  of  diams.,  or  radii,  or 


of  the  radii  of  Inscribed  o 


clei^dlara.  x 

The  Burfa^.^^  o.  ^» 
corresponding  Hoes. 

The  volume  of  a  i 
clrc.>— %  dlam.xarea 
der— (l.SSae  vol.  of  cii 

Th«  volamea  nt  hpIict* 
cube*  ot  their  cortpspondlnfi 
-urfacet;   for   -    — ' "— 


circle,  or  of  anv  circle  subfi 
cube,  an  edge,  a  dlaiioaal  of 
diagonal  of  a  cubc^tbe  edee 


■■  and  cnbes  are  to  each  other  »b  the 
Unee,  or  tbe  Bguarea  of  correapondtTig 
radius,  the  dlam.,  the  area  of  a  great 

-   -ide,  or  a  diagonal  of  "the  eube'.     The 

TSil. 

-The  earth's  attraction  Is  measured  by  the  In- 
crease In  tbe  velocll}'  of  a  falliug  body  which  that  attraction  pro- 
duces In  a  second  of  time.  This  quantltv  Is  represented  by  o,  and 
Ita  value  at  tbe  aurface  of  tbe  earlh  on  tbe  equator  Is  32.092  feet. 
This  means  that  If  any  body  is  (ailing  (rppiv  Ifs  veincitv  nt  the  pnrt 
ot  any  aecoad  of  time  is  32.0B2  feet  per 
beginning  of  that  second.     It  tbe  body  s 

the  bodj  I. „.      ._ ._    ._ 

sErk-tly  triK'  for  a  vacuum  only,  but  (or  moderate  belgbta  la  nearly 
correct  in  air. 

The  valuo  of  K  variea  slightly  with  the  latitude  as  shown  In  tbe 
following  table  : 

TiBLB    XVII. 

1U6.  Valnen  of  g  at  surface  of  earth  la  different  latitudes  : 


Latitude. 

''?^^'.''' 

Latitude.      , 

"S^'' 

^-jr 

31  IT 

. 

ilg 

Sg 
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126.  The  value  of  g  varies  also  with  the  distance  from  the  center 
of  the  earth ;  or  the  distance  above  or  below  the  surface,  diminishing 
in  both  cases.  This  diminution  is  approximately  0.016  feet  for  each 
mile  above  the  surface  and  0.008  feet  for  each  mile  below. 

127.  The  fundamental  law  of  motion  of  falling  bodies  is  v*='2gh, 
in  which  v^^the  velocity  at  any  point  in  feet  per  second ;  h,  the  dis- 
tance through  which  the  body  has  fallen  from  rest  to  the  given  in- 
stant. 

As  vacagt,  hacaigfit^lQti.  These  relations  are  strictly  true  only  in 
vacuo,  but  for  small,  smooth,  dense  objects  are  approximately  correct 
for  motion  in  air  up  to  6  seconds. 

128.  Centrifuflral  force. — If  lo^the  weight  of  a  revolving  body 
and  n  the  number  of  revolutions  per  minute,  rsathe  radius  of  revolu- 
tion or  the  distance  of  center  of  gravity  of  the  body  from  center  of 
motion,  and  c^=the  centrifugal  force  or  pull  on  the  radius  in  pounds, 
then  c«=0.00034u?ni». 
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^»-   .uHtfUue^  .tnii  -nv.  fnat*>riniH  availat/ie.     Time  is  of  n !-•■->• 


a     n*i    :'7n»trTir:Tion   m    'itvifSBM   for   troops    in   .^-.,—   - 
fft*    -T»vin-r    ii»tntiUU(>a  'jU   men   and   aiat<'nai  .to   do    the  ^c- 

■-^oa»i»  ire  '.-{aiwitted  <i»  ^ieod  or  stationary  <wirf  i«r^  ^ 
^,.vtei  rrriierajjy  -ipttajcini^  tne  form«ir  is  tlie  weij^t  of  the  bri«i;^ 
^«».I  xar  HH  att»»r  rn»?  veisfiit  of  tlie  traffic  over  It,  Loads  a-^ 
,^n*:*  •^a-'^t  -a  mimds  per  square  fost  for  highway  and  per  lin^v 
r*^'  t^  ai,.*ary  anU  railway  brid«:es.     Some  loads  of  military  brid£^>s 

-.     «5>    tmI.^ws.   ;iil   in  pounds   p«fr   linear  foot:   Infantrv,   single   C- 
•J^j.    man^TT'.  'roiunm  of  twos.  'I'^y.  infantry,  colamn  of  fours.  5«;i>' 
-^«»rr    tt  -Mnicie  :ile.  1!M :  cavalry  in  columns  of  twos.  .392.     Infantry 
w-    ir«ftT   amrrrhinjc  order   averaj^e   200   pounds  per   man;    when   un- 

'ttn-^,    -'W  pounds.     When  crowded  in  a  nmss  they  may  weifh  133 
^;n^  i«c  sHtuare  foot  of  standing  room. 


[' 

:  i^^«na  ;  i  :  :     : 

ii     i\  nil  11 

li       si   Ml;   ii 

:  ■  ■  i-  !=■  ■ 
i     i  i  :     ia      3     : 

1 

i 

i  *  limi  ii 

!   1   i   i"    3   i 

1  1  11  ii:  H 

U 

■5" 

it 

i  ^iiiiiiiii 

Hi  HFiF. 

i  f """""""""" 

„«„««.-  i ;. 

Ifi   K::::z::T. 

l3-»      5 

1 

1      ^rf«-«-rf«-«B_-_-«v 

ct-n-»-ecc  nui-   :««    loo- 

1  iSKSHi^H 

«--«-«- «-rf  ;«-r.- ;»-,- 

ii  |yj| 

iiliilll 

iyiifljiiji 

iillilllll 

EiraiHEEx  nuB  KAinrAi.. 


Ills  " 


u  m  i§  i; 


ii3iillg|0|||g| 
llplf         f    ' 
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The  weight  to  be  added  to  the  above  figures,  if  two  wheels  are 
equipped  with  shoes,  ranges  t^om  900  pounds  for  the  4.7-inch  gun  to 
8,000  pounds  for  the  12-inch  howitzer. 

The  45-horsepower  cateri^llar  tractor  tentatively  adopted  fbr  trac- 
tion of  the  4.7-inch.  6-inch,  7.6-inch,  and  9.5-inch  guns  and  howitzers 
weighs  about  16,000  pounds,  is  13  feet  long  over  all,  has  two  tracks 
each  13  inches  wide  and  6  feet  8  inches  in  length  of  bearing;  surface, 
the  tracks  being  5  feet  li  inches  center  to  center.  If  later  found 
necessary,  tracks  of  width  up  to  30  inches  may  be  provided. 

The  YO-horsepower  caterpillar  tractor  for  the  12-inch  howitzer 
weighs  about  *25,000  pounds: 

4.  Brldflrea  for  s«^eral  road  traffic. — ^The  dead  load  is  the 
weight  of  the  superstructure.  Estimate  quantities  of  the  different 
materials  and  multiply  by  unit  weights  from  the.  tabled  f^lowiivg. 

The  Uve  load  is  itsiumed  at  100  pounds  per  square  fpot  of  floor,  or 
5  tons  coAcentrated  on  two  a^les  5  feet  loqg  and  8  feet  center  to 
center. 

Bridges  for  a  special  purpose  exclusively  may  be  proportioned  for 
the  corresponding  load. 

5.  Railroad  bvlderes. — The  dead  load  is  computed  as  before.  To 
save  time  the  floor,  consisting  of  rails,  ties,  and  guard  timbers  only, 
may  be  taken  at  400  pounds  per  linear  foot  of  track. 

The  Uve  load  on  each  track,  supposed  to  be  moving  in  either  direc- 
tion, may  be  assumed  at  6,000  pounds  per  linear  foot  of  track,  or 
50,000  pounds  on  each  of  two  pairs  of  driving  wheels  71  feet  centar 
to  center. 

6.  Site. — Favorable  conditions .  are  narrowness  of  stream  ;  stable 
banks  of  equal  height ;  hard  but  penetrable  bottom ;  moderate  dep4:h 
and  current ;  permanent  water  level ;  and  absence  of  navigation. 

7.  Mea«urement  of  width  will  be  done  directly  by  use  of  tape, 
wire,  or  line,  if  practicable.  Boats  or  floats  may  be  used  to  support 
a  lonff  line.  Otherwise,  by  intersections  (see  Topographical  recon- 
naissance). .   . 

8.  StresflTtli  of  -wooden  beamn. — For  crushing,  tensile,  and 
shearing  strength,  multiply  the  cross  section  in  square  inches  by  the 
unit  stresses  in  Table  IL  The  result  will  be  the  ultimate  tensile 
strength  in  pounds.  This  divided  by  the  adopted  factor  of  safety 
gives  the  sale  tensile  load  in  pounds.  From  this  the  crushing  and 
shearing  strengths  are  derived  by  applying  the  percentages  given  in 
the  table. 

For  transverse  strength. — Multiply  breadth  of  cVoss  section  by 
square  of  depth ;  divide  by  three-fourths  of  the  length  between  sup- 
ports, all  In  inches;  multiply  by  factor  in  column  2.  Table  II.  The 
result  will  be  the  breaking  load  in  pounds  applied  uniformly,  or 
twice  the  breaking  load  applied  at  center  of  span.  The  safe  load  is 
one-fourth  to  one-sixth  of  the  above,  depending  upon  the  importance 
of  the  structure,  its  temporary  or  permanent  character,  and  the 
amount  of  vibration  probably  caused  by  the  livp  load.  The  ratio  of 
breaking  load  to  maximum  actual  load  is  the  factor  of  safety.  It 
should  be  4  to  6  as  above. 

The  breadth  of  a  rectangular  cross  section  is  the  face  to  which  a 
load  Is  applied.    The  depth  Is  the  face  at  right  angles  to  the  breadth. 

A  round  beam  has  six-tenths  the  transverse  strength  of  a  square 
beam  with  breadth  and  depth  equal  to  its  middle  diameter. 
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Tablb  II. 

Its  of  atrenfirtli  and  -welgflit  of  a  number  of  species  of 
wbea  4iy ;  principal  authority,  Trautwine : 


Species. 


•if^v  \tMrt0lllTfbit6... 

»  5h  >'%'iiXttt>  • .  %  •  • 

*^\HIIM*: 

^•»vh,  Ai&«riotui 

-p^^rh.  XwnHcftn  black . 
-^  •.*>».  AvMncui  yellow, 
r'»'*^r.  XttMiiotQ  white. 

J^^fltWItv 

y  ^m,  Xnwrioan  white . . 

♦^•Tiiwk^ 

■•^•«"*^wy  »»%%•, 

,Vt1?*(«\«»«.. 

<i  v"h 

-•^♦^Nipwuy . «. 

J^4^<i$ny«v«)  white 

X'oTtfnytx-^  blaok 

Jl*v>yN*<vft 

^f %>K  bliftek 

'^V.rM 

*^v.li\-* 

^^«^.  American  white. . 

Vv^'»^ 

,» vA^i*  "t 

^>h\  Xmertoan white.. 

>{«A  Amerloan  yellow. 

.->j«!^  American  pitch . . 

'orHv  American  Georgia 

.*>svHmgleaf...'. 

^^^'^^mo^• 

V*^^*'*»** 

^>^^»w 


R. 


Lbs.  per 

9Q.  in, 

7,800 

4,800 

7,200 

10,200 
6,600 

10,200 
8,000 
5,400 
7,800 
6,000 
9,600 
8,400 
4,800 
9,000 
7,800 
6,600 
9,000 
9,000 

10,200 
7,200 
7,200 
6,600 
5,400 
5,400 
6,000 
6,600 

10,200 
7,750 
6,000 
9,000 
6,600 
4,200 


Tensile 
str. 


10,000 

10,000 

10,000 

10,000 

10,000 

7,000 

10,000 

7,000 

9,000 

9,000 

12,000 


12,000 

15,000 

8,000 


Wt. 

CQ 


.per 
.It. 


• 

Lbs.  per 
sq.tn. 
16,500 

Lbs. 
38 

47 

43 

7,000 
15,000 

13,000 
6,000 

41 
36 
25 

11,000 
18,000 

53 

32 

*  '16,666" 

35 

32 
49 
33-45 
50.3 
48 
24 


25 
34 
45 
65 


37 
61 

38 


\(\»V  weights  of  other  materials  see  table  ol  specific  gravities.  Fart  VII. 


tlto  crushing  strength  may  be  taken  at  40  per  cent  of  the  tensile 
Ht\H«Utfth  in  the  direetion  of  the  grain  and  o  per  cent  across  the 
c\^\n,  except  oak,  which  is  10  per  cent  across  the  grain.  The  shear- 
S*v^  strength  may  be  taken  at  two- thirds  of  the  crushing  strength 
,,utSH  the  grain.  These  ratios  are  approximate  only,  but  sufficiently 
yvv(((«t  for  field  designing. 

10.  A  rapidly  moving  load  produces  about  double  the  stress  of  an 
vHiUul  quiescent  load.  A  concentrated  moving  load  must  be  considered 
4M  applied  at  the  point  where  the  greatest  strains  are  produced, 
UHVtally  midway  between  the  supports. 

1 1 .  A  beam  safe  against  breaking  may  bend  too  much  under  the 
U^'Mlred  load.  The  maximum  allowable  defiection  in  permanent  stnic- 
iuiL'B  is  one  two-hundredths  of  the  span.     In  military  bridges  for 


bridges  with  floating  supports,  a 
The  factor  of  safety  will  generally 


temporary  use,  and  especially  inj>ridfes  with  floating  supports,  a 
greater  deflection  is  permissible. 
giye  enoof^  etUEiiMe. 

12.  Safe  lOAdLai. — ^The  formula  is, 

5-  I         3         (A) 

in  which 

fif^safe  load  in  pounds,  uniformly  distributed. 
&«■  breadth  | 

<I=s  depth     >of  beam^  all  in  Inches. 
I>M  length    J 

12>- coefficient   of    resistance   for    the   timber   used.   Table    II, 
column  2. 
/.  «.*■  factor  of  safety. 

S-C?X6X^       (B) 
in  which 

£r— safe  uniformly  distributed  load  with  factor  of  safety  of  6,  if 

timber  is  seasoned,  or  4  if  timber  is  green. 
5a«" breadth  of  beam  in  inches. 
C*« coefficient   from   Table    III,   corresponding   to   length    and 

depth  of  beam. 
J2^coefficient  of  resistance  of  timber  used.  Table  II,  column  2. 
i^i^coefficient  of  resistance  of  long-leaf  pine.  Table  II,  column  2. 
For   Goncentmted  middle  load  take  one-half  of  8.     The  quantity 
hd*  for  any  beam  will  be  called  its  indew.  The  ratio  of  strength  of 
any  beams  is  the  ratio  of  their  indexes. 

13.  Bzamplea. — Determine  the  safe  uniform  load  on  a  horizontal 
beam  of  long-leaf  pine  8  inches  thick,  12  inches  deep,  and  20  feet 
clear  span,  factor  of  safety  5.  From  Formula  (A),  uniformly  dis- 
tributed safe  load  S  equals  3  X 12  X  12^^240,  multiplied  by  f 
of  7,750  divided  by  5,  equals  3,720  pounds.  Safe  center  load^3,720-h 
2»1,860  pounds. 

By  Formula  (B),  uniform  safe  load  S  equals  1,240X3X7,7604- 
7,750—3,720,  as  before.  Or,  for  a  dlflLcrent  wood,  as  white  oak,  B*^ 
1,240  X  3  X  7,200  H-7,750=»3,460. 

If  various  sizes  of  materials  are  available,  the  inverse  problem  may 
be  used  to  select  the  size  which  will  give  requisite  strength  with  least 
weight.     The  ratio  of  breadth  and  depth  must  be  assumed. 

Example  t  Determine  the  size  of  beam  to  carry  a  safe  load  of 
3.750  pounds,  uniformly  distributed  over  a  clear  span  of  20  feet; 
factor  of  safety,  5 ;  breadth  one-fourth  of  depth ;  material,  yellow 
pine,   seasoned. 

From  Formula  (A), 

3,750-        240      ^  ^^'^^ 
5 

Whence 

rf3-=l,728;  d=12;  6=4  d=-3. 

The  beam  should  be  3  by  12  inches. 


leo 
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Table  III. 

14.  Safe   loads   in  pounds   for  longr-leaf  pln«   beAms,  itnt* 

f ormly  loaded,  and  1  inch  in  width ;  factor  of  safety  6 ;  being 
values  of  C  In  Formula  (B)  ;  authority,  United  States  Department  of 
Agriculture : 


Length 
beam. 

Pepth  of  beam  in  inches  (width  equals  1  inch). 

4 

5 

1,076 
861 
718 
615 
538 
478 
«1 
391 
369 
331 
808 
287 
269 
253 
239 
227 
216 
205 
196 

6 

1,550 
1,240 
1,038 
885 
775 
688 
620 
562 
517 
477 
442 

413 
386 
364 
343 
827 
310 
296 
281 

8 

10 

12 

14 

18 

Feet. 
4 

689 
551 
459 
394 
344 
306 
276 
251 
230 
212 
197 
184 
172 
162 
153 
145 
198 
181 
126 

■ 

5 

6 

1,837 

1,574 

1,376 

1  224 

1  101 

1,000 

917 

847 

787 

783 

688 

647 

612 

580 

650 

525 

500 

7 

2,460 

2,150 

1,914 

1,720 

1,564 

1,434 

1,322 

1,230 

1,147 

1,074 

1,013 

956 

905 

860 

820 

783 

1 

8 

3,100 
2,765 
2,480 
2^253 
2,067 
1,906 
1,770 
1,653 
1  550 
1,459 
1,879 
1,305 
1,240 
1,181 
1,129 

1          '  *~ 

^                    1 

9 

10 

3,370 
3,068 
2,812 
2,595 
2,408 
2,250 
2,109 
1,984 
1,878 
1,777 
1,689 
1,609 
1,536 

11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 

4,010 

3,673 
3,390 
3,145 
2,940 
2,753 
2590 
2,450 
2,320 
2,206 
2,100 
2,005 

""4,"  630 
4,285 
3,980 
3,7-20 
3,485 
3,2«l 
3,100 
2,933 
2,790 
2,656 
2,535 

15.  The  eflfect  of  Seasoning  Is  to  Increase  the  strength  of  timber. 
Gr^een  timber  has  about  20  per  cent  less  strength  than  that  showa 
in  the  usual  tables,  and  the  factor  of  safety  may  be  increased  ac- 
cordingly. Table  ill,  used  for  green  timber,  gives  the  factor  of 
safety  4  Instead  of  5,  which  will  usually  be  sufflcient. 


16l  TVarltiag  IomA  In  ponnda 

commoa    yellow    pine-    HrmfT    flu 
formala  of  C.  Slider 


plIlBMi  of  ba](-a«asi»ied  vblte  oi 
Diea  and  equallT  loaded ;  based  on 
K,  with  t  a.  or  S  : 


Blda  of  aquan  pillar  in  InctMi. 


stIoib 

33,677 
^878 


When  a  wooden  Beam  is 
;t(MT<,  no  matter  inhetfter  i 
la  that  olven  M  tftU  table. 

Tbe  faclor  of  tafety  ol  timber  against  oruihiug  sbould  be  6  to  8 
for  important  struetiirH  and  4  to  6  tor  temporary  ones. 

IT.  A  borlzontai  beam  cliould  linve  a  part  of  Its  leagth  equal  to  Ita 
width  flrmlf  bearing  on  the  snpport  at  eacli  end.  and  more  If  poMible. 
A  pillar  can  not  hare  a  greater  bearing  surface  tban  Its  end  aectlon. 
CrusblDB  elTect  mar  be  reduced  by  inierpoelng  a  hardwood  plank  o 
abeet  of  Iron  between  tbe  end  of  the  ^ * 


84846*— 17— 


-10 


e  beam  and  Ita  support. 


1«. 

taflndbooki 


of 


Tabub  V. 
I    beuMi 


De[i<liof 

Wcisbt 
per  foot. 

Area  of 

section, 

miiiimnin. 

of  strength; 

:                1 

Depth  of 
beam. 

fiber  strain  of 
12,500per 

15 
15 
15 
12 
J2 
10 
10 

9 

9 

8 

8 

7 

7 

6 

6 

5 

5 

4 

4 

3 

3 
1 

80.00 

eo.oo 

42.00 

40.00 

31.50 

40.00 

25.00 

35.00 

21.00 

25.50 

18.00 

20.00 

15.00 

17.25 

12.25. 

14. 75 

9.75 

10.50 

7.50 

7.50 

5.50 

8q.  in. 

23.54 

17.64 

12.  :S 

11.76 

9.26 

1L75 

7.34 

10.29 

6.17 

7.43 

5.22 

5.88 

4.42 

5.07 

3.60 

4.34 

2.87 

3.08 

2.20 

2.20 

1.62 

Pounig. 

799,200 

598,400 

^0,500 

341,500 

299,000 

264,500 

203,000 

207,000 

157,200 

142,700 

118,500 

100,400 

86,200 

72,700 

60,500 

'>0,500 

40,300 

29,800 

24,900 

16,200 

13,800 

InOet. 

15 

'     15 

15 

12 

12 

10 

10 

9 

9 

8 

8 

7 

6 

6 
5 
5 

4 
4 
3 
3 

The  coefBclent  of  Rtrenj^h  In  column  4  is  the  safe  load  for  a  span  of 
1  foot,  allowing  an  extreme  fiber  stress  of  12,500  pounds  per  square 
inch,  as  is  done  in  bridge  work.    For  any  other  span  h  divide  C  by  2  in 

feet.     The  quotient  W»  .  ,  equals  the  safe  load  in  pounds  uniformly 

w 

distributed. 

In  long  beams  without  lateral  support,  the  safe  load  must  be  reduced 
as  follows :  i*''or  a  span  30  times  the  width  of  flange,  reduction  of  10 
per  cent ;  40  tlmeH,  20  per  cont ;  50  times,  30  per  cent ;  60  times,  40 
per  cent ;  70  times,  50  per  cent. 
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Tabub  VI. 

19.  Properties   •<   steel  eltanitelSf   aathority,   tBa&ufacturers* 
bandbooks : 


C^*  coefficient 

for  safe  load; 

Depvh  of 

Weight 

Area  of 

fiber  stress  of' 

channel. 

per  foot. 

section. 

12,500  pounds 

per  square 
Incn. 

Incha. 

P<mnd9. 

8g.  in. 

Pifundg. 

15 

55.00 

16.17 

482,100 

15 

33.00 

9.69 

345,800 

12 

40.00 

4.76 

273.500 

12 

20.60 

6.02 

177,900 

10 

35.00 

10.29 

193,200 

10 

15.00 

4.41 

111,500 

9 

25.00 

7.35 

130,800 

9 

13.25 

8.80 

87,600 

8 

21.25 

6.25 

100,000 

8 

11.25 

3.31 

67,300 

7 

19.75 

6.79 

78,800 

7 

9.75 

,     2.85 

50,200 

6 

15.50 

4.56 

54,500 

6 

8.00 

2.35 

36,100 

5 

11.50 

3.38 

34,800 

5 

6.50 

1.91 

24,600 

4 

7.25 

2.13 

19,000 

4 

6.25 

1.54 

15,600 

3 

6.00 

1.76 

11,400 

3 

4.00 

1.18 

8,900 

The  safe  unlfopm  load  In  ponnds  is  the  quantity  in  last  column 
divided  by  the  length  of  span  In  feet. 

Table  VII. 

20.  Properties  of  steel  Z  bars;  authority,  manufacturers'  hand- 
books. 


C—coeflSdent 

for  safe  load; 

Depth  of 
Zliar. 

Weight 

Area  of 

fiber  stress  of 

per  foot. 

secfcioii. 

12,000  pounds 

. 

per  square 
inch. 

Inches, 

Pounds. 

Sq.  in. 

Pounds. 

6 

15.0 

4.59 

67,500 

6 

22.7 

6.68 

92,400 

6 

29.3 

8.63 

112,300 

5 

11.6 

8.40 

42,700 

5 

17.8 

5.25 

61,400 

6 

23.7 

6.96 

75,806 

4 

8.2 

2.41 

25,100 

4 

13.*8 

4.05 

88,600 

4 

18.9 

5.55 

48,400 

3 

&7 

1.97 

15,400 

8 

fl.7 

2.86 

20,600 

3 

12.5 

3.69 

24,500 

Iti 
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YUl. 
21.  IMaieaaioas  and  ^rlA^M  of  Am; 


of  equal 


Size. 


™«'™»-;  ^"^ 


Ineket. 


Inch, 


Pounds. 

14.8 

35.9 

12.3 

29.4 

8.2 

18.6 

7.1 

13.7 

8.  ft 

4.5 

3.1 

7.8 

2.7 

5.4 

2.5 

4.8 

2.1 

4.1 

1.2 

3.5 

1.0 

2.0 

1.5 

.8 


22.  Average  ultimate  tenalle  strength  In  pounds  per  square  inch  of 
various  metals: 

Brass  wire,  unannealed  or  hard 80,  000 

Brass  wire,  annealed 63,000 

Copper   bolts '33,000 

Copper  wire,  hard  or  unaunealed 00.000 

Copper  wire,  annealed 32,  000 

Cast  iron,  ordinary  plj; 14,  500 

Iron,   wrought 45,000 

Iron  wire,  annealed 45,  000 

Iron  wire,  unannealed  or  hard 75,  000 

Iron-wire  rope,  per  square  Inch  of  section  of  rope 38,  000 

Phosphor-bronze  wire,  hard 1 150,  000 

I'hosphor-bronze   wire,   annealed 63,  000 

Steel  wire,  soft ^ 68,  OOO 

Steel  wire,  medium 76.  000 

Steel  wire,  hard 85.  000 

Steel,  rivet 55,  000 

Steel,    cast 60,  000 

FASTENING  MATERIALS. 

23.  Rope  aAd  fvlre. — Much  confusion  is  caused  by  two  methods 

in  common  use  to  denote  the  size  of  rope.     In  mnrine  use  it  is  indi- 

"ited  by  the  circumference  In  inches ;  on  land  the  practice   is   not 

'form,  but  the  use  of  the  diameter  in  inches  is  prevalent.      The 

mor  method  is  used  bv  manufacturers  and  is  correct  as  a  matter 

fact.    The  same  rope  is  called  3-inch  or  1-inch  by  the  two  systems. 
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It  is  practically  3  inches  in  circumference,  bnt  only  approximately 
1  inch  in  diameter.    It  is  better  to  state  which  dimension  is  used. 

The  stren^h  of  hemp  and  Jute  rope  varies;  pieces  from  the  same 
coil  differ  as  much  as  25  per  cent.  Rope  made  from  manila  hemp  is 
the  best.  Other  hemp,  sisal,  and  Jute  ropes  are  very  unreliable  in 
strength.  Tarring  rope  increases  its  weight  and  lessens  its  strength, 
bnt  adds  to  Its  durability.  Use  and  exposure  wealLen  rope  20  per 
cent  to  50  per  cent  in  a  few  months.  Ro]>es  shorten  when  wet  and 
lengthen  When  dry. 

Tablb  IX. 

24.  Dlmenalons,  vrelvlity  and  Mtrenvtli  of  manlla  rope ; 


Proper  work- 

Diameter. 

Circum- 
ference. 

Weight  in 

pounds  per 

lOQfeef. 

Brealdng 
load. 

ing  load  de- 
pending upon 
age  and  cou- 
dltion. 

1 

iTiehes. 

Inches. 

Pound*. 

Pound*. 

0.32 

1 

3.8 

780 

120-     800 

.48 

U 

7.4 

1,600 

250-     800 

.64 

2 

13.2 

2,730 

350-  1,800 

.80 

2| 

20.6 

4,300 

600-2,000 

.96 

r 

29.7 

6,100 

900-2,800 

1.11 

3| 

40.4 

8,600 

1,100-  4,000 

1.27 

4 

52.8 

11,600 

1,600-5,000 

1.43 

4J 

66.8 

15,000 

2,000-6,500 

1.59 

5 

82.5 

18,400 

2,600-8,000 

1.75 

6| 

99.8 

22,000 

3,000-10,000 

1.91 

6 

119 

25,500 

3,500-11,500 

3w07 

9 

139 

20,100 

4,000^18,000 

2.23 

7 

163 

82,700 

4,600-U,000 

2.39 

7J 

186 

36,300 

6,000-16,000 

Up  to  5  Inches  circumference  rope  is  made  In  coils  of  1,200  feet 
each. 

25.  Ordinary  vHre  rope  is  composed  of  6  strands,  each  containing 
7  or  19  wires,  laid  up  about  a  hemp  or  wire  strand  center.  Rope 
with  hemp  center  is  more  flexible  than  that  with  a  wire  center.  The 
19-wire  rope  with  hemp  center  is  better  adapted  to  power  transmis- 
sion ;  the  7-wire  rope  Is  used  for  standing  rigging,  as  derrick  guys 
and  other  purposes  where  frequent  bending  Is  not  involved. 

The  safe  load  on  wire  ropes  is  from  one-fifth  to  one-seventh  of  the 
breaking  load. 
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Tablb  X. 

•  26.  Dlmenslonay  ipvelvhty  and  atrenvtli  of  tiol»tli&ar 

hemp  center,  .6  strands,  of  19  wirers  each : 


' 

Diam- 

Circumr 

Weight 
per  100 

eter. 

ference. 

Ins. 

Ins. 

Lbs. 

1 

11 

23 

39 

■ 

2 

60 

88 

120 

1 

3i 

158 

1 

4 

260 

^ 

* 

365 

I 

5 
6t 

625 

2 

630 

Strength. 


Cast  steel* 


Breaking 
load. 


Lbs. 

9,000 

15,000 

28,000 

36,000 

50,000 

66,000 

101,000 

154,000 

212,000 

250,000 


Working 
load. 


Lbs. 

1,750 

3,000 

5,000 

7,000 

10,000 

12,000 

20,000 

30,000 

42,000 

50,000 


Iron. 


Breaiklng 
load. 


Lbs. 

5,000 

6,960 

10,260 

17,280 

23,000 

32,000 

54,000 

78,000 

108,000 

130,000 


Working 
load. 


Lbs. 

750 

1,250 

2,5i0 

3,500 

5,000 

6,000 

11,000 

16,000 

22,000 

26,000 


Clrcumferenoe 

of  new  manila 

rope  of  equal 

strength. 


To 

steel. 


Ins. 

^ 

11 


To 
Iron. 


Ins. 

n 

31 

4 
5 

? 

10 
13i 


Table  XI. 

27.  DimenaioBLii,  -welgl^tf  and  atrentftlit  of  tranantlsalon  or 
Mtandlnff  rope,  hemp  center,  6  strands,  of  7  wires  each ;  authority, 
manufacturers'  handbooks ; 


Circumference 

Strength. 

of  new  manila 

rope  of  equal 

strengtiu 

Diam- 
eter. 

Clrcum- 
ferenoe. 

Weight 

per  100 

feet. 

, 

Cast  steel. 

Iron. 

■ 

To 

steel. 

To 

• 

Breaking 

Working  Breaking 

Working 

iron. 

stress. 

stress. 

stress. 

stress. 

Ins. 

Ins. 

Lbs. 

Us. 

Lbs. 

Lbs. 

Lbs. 

Ins. 

Ins. 

A 

I 

12 

5,500 

1,250 

2,060 

333 

21 

H 

1 

16 

6,000 

1,500 

2,760 

500 

3 

2 

1 

It 

21 

8,000 

1,750 

3,300 

667 

3i 

'A 

I 

31 

12,000 

2,500 

5,660 

1,500 

4 

1 

2 

57 

22,000 

4,000 

11,600 

3,000 

n 

4 

1 

2 

92 

34,000 

7,000 

18,000 

4,500 

5 

i 

2 

112 

44,000 

9,000 

24,600 

6,O0Q 

9 

6 

1 

3 

150 

60,000 

12,000 

32,000 

,*'2S 

11 

7 

li 

4 

228 

88,000 

18,000 

50,000 

12,500 

H 

li 

4! 

337 

124,000 

26,000 

72,000 

18,000 

13 
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To  preserve  wire  rope,  cover  it  thoroughly  with  raw  linseed  oil,  or 
a  paint  of  equal  parts  or  linseed  oil  and  lampblack. 

Oalvanlsed-wire  rope  as  commonly  sold  is  a  cheaper  grade  of  rope, 
laid  up  in  0  strands  of  7  or  12  wires  each.  Its  breaking  strength  is 
slightly  less  than  that  of  iron  rope  given  in  the  table. 

28.  "Wire-rope  llttli&ffs. — Toere  are  two  methods  of  making 
attachments  to  wire  rope,  by  use  of  the  thimble  (figs.  1  and  2)  and  the 
socket  (figs.  8,  4,  5,  and  6).    Cables  are  secured  in  three  ways : 

(a)   Bend  the  rope  around  the  thimble  and  fasten  it  with  clips 

(flg.  th 

i  b )  Unlay  the  wire  for  a  short  distance  at  the  end  of  the  rope ;  bend 
the  rope  around  the  thimble ;  lay  the  straightened  wires  snugly  about 
the  main  portion  of  the  rope  and  serve  with  annealed  wire,  bending 
back  the  ends  of  the  wires  projecting  beyond  the  wrappings  (flg.  2) 

(c)  Interlock  the  strands  in  a  splice  and  serve  with  wire  (as  illus- 
trated). 

Of  these  three  methods  the  first  Is  most  used  on  engineering  con- 
structions ;  but  is  not  adapted  to  field  use,  as  a  great  many  clips  must 
be  used  for  security,  and  they  are  heavy.  The  third  method  requires 
an  expert  rigger  wnp  may  not  be  available.  The  second  method  will 
be  fouhd  more  generally  userful.  In  emergencies  where  the  value  of 
the  rope  is  negligible,  wire  rope  .of  li  inches  diameter,  or  less,  can  be 
knotted  very  much  like  manila  rope.  '  The  part  used  for  such  fasten- 
ings can  not  be  used  again.  ' 

Sockets  are  used  for  rope  too  large  to  be  bent  around  a  thimble. 
For  smaller  rope  tbey  present  a  neat  appearance  and  are  convenient  to 
handle.  The  end  of  the  rope  is  passed  through  the  neck  of  the  socket ; 
and  the  wires  are  then  opened  out  for  a  distance  at  the  ends  equal  to 
about  twice  the  leng^th  of  the  neck,  the  rope  having  first  been  served  at 
the  point  to  which  the  unlaying  extends  (fig.  5).  Some  of  the  wires 
are  trimmed  off  to  shorter  length,  and  all  of  them  bent  back  upon 
themselves  hook  fashion,  so  that  the  resulting  bunch  will  conform  as 
nearly  as  possible  to  the  conical  shape  of  the  socket  (fig.  5).  The 
bunch  is  then  drawn  back  into  tbe  socket,  a  conical  plug  driven  into 
the  center  soreading  out  the  wires  tightly  against  the  sides  of  the 
socket,  and  the  whole  cemented  with  Babbitt  metal  or  solder  (fig.  6). 
For  ropes  made  with  large  stiff  wire,  the  ends  are  simply  straightened 
out  and  the  interstices  filled  with  narrow  tapering  pins  or  wedges. 
Socket  fastenings  can  not  be  securely  made  in  the  field  and  should  not 
be  relied  upon  without  testing.  Their  weight  is  also  an  objection  for 
field  use. 

29.  "Wire. — Is  put  up  in  coils  of  80  to  100  pounds  each.  Gal- 
vanized  wire  is  coated  with  zinc,  which  retards  oxidation,  but  Is  in 
every  other  respect  objectionable.  It  increases  weight,  while  reducing 
strength.    Wire  not  galvanized  is  known  commercially  as  black. 

An  important  distinction  is  between  annealed  and  unannealed  wire, 
also  known  as  hard  and  soft.  The  advantages  of  annealing  are  in* 
croase  in  flexibility  and  ductility.  The  disadvantage  is  a  decrease  of 
20  to  25  per  cent  in  strength.  Unannealed  wire  is  very  difficult  to 
handle,  and  if  allowed  to  kink,  all  the  advantage  of  strength,  and 
more,  too,  is  lost.    For  general  indeterminate  use,  annealed  wire  is  best. 
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30.  Slae,  iPFei«ht»  and  •trenirth  of  black  charcoal  iron  ipvires 

authority,  Trenton  Iron  Co. ;  the  sizes  of  corresponding  numbers  are 
those  of  the  Trenton  Iron  Co.  and  are  almost  Identical  with  the  "  new 
British  W  gauge  " 


linear  feet 

Approxi- 

No. 

Diameter. 

totlie 

mate  tensile 

pound. 

strength. 

Inches. 

• 

Paumds. 

6 

0.1900 

10.453 

2,476 

7 

.1750 

12.322 

2,136 

8 

.1600 

14.736 

1,813 

9 

.1450 

17.050 

1,507 

10 

.1300 

22.333 

1,233 

11 

.1175 

27.340 

l,01i) 

12 

.1050 

34210 

810 

If  the  quality  of  the  wire  is  not  known,  the  tensOe  strength  in 
the  table  should  be  reduced  15  per  cent.  For  soft  Bessemer  steel 
wire  they  may  be  increased  10  per  cent. 

Wire  should  always  be  taken  fiv>m  the  outside  of  the  coil  by  placing 
the  coil  on  an  axle  or  rod  and  walking  away  with  the  end  or  by 
liolding  the  outer  end  and  roliitig  the  coil  along  the  ground. 

31.  Cliaina  are  designated  by  the  diameter  of  the  rod  from  which 
the  links  are  made,  as  §  inch,  1  inch,  etc. 

Also  by  the  form  of  the  link,  as  close  link,  in  ^hich  one  link  Is 
last  large  enough  to  Inclose  the  two  adjacent  ones  (fig.  8)  ;  open  link, 
in  which  the  link  Is  larger  than  in  close  link  (flg.  7)  ;  bar  chain, 
which  consists  of  open  links  with  a  bar  across  the  middle  ot  each ; 
and  twisted  link  (ng.  9),  in  which  each  link  is  twisted  through  a 
certain  angle,  usually  90°,  and  straight  or  flat  link  (figs.  7  and  8), 
which  is  not  so  twisted. 

Chain  is  also  galvanized  or  black,  the  latter  most  used. 

Tablb  XIII. 

32.  Slae,  -wetghtf  and  strenirtli  of  iron  cbatusi  authority, 
Trautwine;  strength  taken  at  1.4  that  of  the  rod  of  which  the  links 
are  made. 


Size  of 
chain. 

Wftight 
per  foot.  J 

Breaking 

strain. 

Size  of 
chain. 

Weight 
per  foot.  1 

Breaking 
strain. 

Inches. 

1 

Pounds. 

as 

1.7 
2.5 
4.3 

5,8 

POUTldS, 

3,069 

6,922 

12,320 

19,219 

27,687 

Inches. 

il 

Pounds. 
8.0 
10.7 
12.5 
16.0 
21.7 

Pounds. 
37,632 
49,280 
59,226 
73,114 
105,280 

1  Weights  given  are  for  close  link.    Open  link  will  weigh  less. 
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33.  Servlnc — On  wire  or  manlla  rope  and  with  wire  or  marlin. 
serving  is  best  done  as  indicated  in  figure  17.  Provide  a  bar.  A,  18 
inches  to  24  inches  long,  smooth,  and  rounded,  with  cross  pins  hh 
near  one  end,  the  outer  one  removable,  to  form  a  reel  for  the  coll  of 
serving  wire  C. 

Lay  the  free  end  of  the  wire  along  the  rope  from  the  point  B, 
where  the  serving  is  to  end,  to  the  point  G,  where  it  is  to  begin ; 
make  a  short  bent  at  the  latter  and  pass  the  wire  twice  around  the 
rope  over  the  straight  part,  half  around  the  bar,  around  the  rope  in 
the  opposite  direction,  and  place  the  coil  between  the  pins,  as  shown. 
Rotate  the  bar  around  the  rope,  keeping  the  following  turns  dose  to- 
gether and  the  leading  turn  as  taut  as  may  be  necessary  to  get  the 
proper  tension.  When  the  following  turn  has  reached  B,  cut  off  the 
wire  and  twist  Its  end  with  the  end  of  the  straight  wire,  coming  out 
from  under  the  turns. 

34.  Driftholts,  spikes,  naUs,  and  wooden  pins  or  treenails  are  used 
for  fastening  together  parts  of  wooden  frames  or  structures.  For 
driftbolts  and  treenails,  a  hole  Is  first  bored  of  slightly  less  diameter 
than  the  bolt  or  pin.  Fastenings  of  this  sort  depend  upon  friction  to 
hold  together  the  parts  that  are  joined.  Design  joints  to  avoid  as  far 
as  possible  a  heavy  shearing  stress  on  the  fastenings. 

Driftbolts  are  iron  bars  of  square  or  circular  cross  section,  headed 
more  or  less  at  one  end  and  bluntly  pointed  at  the  other.  The  head 
is  often  omitted,  as  a  small  one  is  made  in  driving.  All  bolts,  spikes, 
and  nails  should  be  of  such  length  that  when  driven  the  point  will 
rest  In  solid  wood. 

Tablb  XIV. 

35.  Dimensions  and  welgrlits  of  driftbolts  t 


Length. 

Square  section  side. 

Round  section, 
diameter. 

{inch. 

1  lunh . 

i  inch. 

1  innh. 

Inches, 
18 
20 
22 
24 
26 

Pounds. 
2.9 
3.2 
3.5 
3.8 
4.1 

Pounds. 
5.1 
5.7 
6.2 
6.8 
7.3 

Pounds. 
2.3 
2.5 
2.8 
3.0 
3.3 

Pounds. 
4.0 
4.4 
4.9 
5.4 
5.8 

86.  Wood  joints  may  also  be  secured  with  screw  bolts  or  la? 
screws 

Screw  holts  are  of  round  iron  with  square  heads  forged  at  one  end 
and  standard  screw  threads  cut  on  the  other.  Nuts  should  be 
square,  with  a  thickness  equal  to  the  diameter  of  the  bolt  and  a 
side  equal  to  twice  the  diameter.  Cast-iron  washers  should  be 
placed  under  the  nut,  and  under  the  head  also  if  the  timber  is  soft. 

Lag  screws  are  large  gimlet-pointed  wood  screws  with  square 
heads  to  be  turned  with  a  wrench  instead  of  a  screw  driver.  The 
timber  next  to  the  head  should  be  bored  the  full  size  of  the  shank ; 
the  rest  of  the  hole  should  be  smaller,  and  its  total  length  somewhat 
Jess  than  that  of  the  screw.  Wrought-iron  washers  should  be  placed 
under  the  head. 
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-87.  Dtm«ii«loii*  and  approximate  ^relvtrta  of  ■cre'vr  l»olts  In. 

pounds,  Including  square  head  and  nut : 


Length 
under 
head. 

Diameter. 

linch. 

f  inoh. 

iinch. 

1  Inch. 

linch. 

Inche*, 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23- 

24 

Pounds. 

0.59 

.64 

.70 

.75 

.81 

.86 

.92 

.97 

1.03 

1.08 

Pound*. 
1.01 
1.10 
1.19 
1.27 
1.36 
1.44 
1.53 
1.62 
1.70 
1.79 
1.87 
1.96 
2.05 

Poundi. 

Pounds. 

Pounds, 

* 

2.10 
2.22 
2.85 
2.47 
2.59 
2.72 
2.84 
2.97 
3.09 
3.21 
3.84 
3  46 
3. 59 

3.05 
3.22 
3.39 
3.55 
3.72 
3.89 
4.06 
4.23 
4.40 
4.57 
4.74 
4.90 
6.07 
5.24 
5.41 

4.23 
4.45 
4.67 
4.89 
5.11 
5.34 
5.56 
5.78 
6.00 
6.22 
6.44 
6.66 
6.88 
7.10 
7.32 

3.71 
3.83 

Tablk  XVI. 
38.  Dtmeniilons   and  iPFelffkts   of  wrought-lron  'vrasherat 


Diameter  of 
lag  screw. 

Diameter 
of  waRher, 

Diameter 
ef  hole. 

Thiclmess/ 
wire  gauge. 

Number  in 
150  pounds. 

Weight 
of  one. 

Inch. 

Inch. 

it 

2 

Inch. 

A 

« 

No.  12 
No.  10 
No.  10 

4,500 
2,500 
1,600 

Pound, 

0.0333 

.0600 

.0938 
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TABIiH    XYII. 


39.  Dtaftevstona  of  ateel-vrir^ 
ber  per  poand,  etc. : 

nail* 

and  approximate 

mum- 

Goxnxxion. 

Number  per  xxnmd. 

Sizes. 

• 

Diameter. 

Com- 
mon. 

Fencing. 

Box. 

Flooring. 

Shingle. 

Length. 

B.W.O. 

Inches. 

2d 

15 

14 

12i 

12 

11 

11 

10 

10 

9 

9 

8 

6 

5 

4 

3 

2 

0.072 
.083 
.102 
.102 
.115 
.115 
.124 
.124 
.148 
.148 
.165 
.203 
.220 
.238 
.259 
.284 

900 

615 

322 

260 

200 

154 

106 

85 

74 

67 

46 

29 

23 

17 

1.000 

660 

5.50 

366 

250 

236 

157 

146 

107 

98 

65 

45 

40 

30 

Inches. 
1 

3d 

380 
256 
226 
200 
130 
120 
115 
79 

u 

4d 

1 
2i 

fi 

3i 
4 

5d 

127 
114 
88 
74 
68 
42 
36 
28 
22 

6d 

7d 

8d 

9d 

lOd 

12d 

151 
136 
98 
86 
66 
61 
40 
29 

16d 

20d 

30d 

t' 

40d 

60d 

5i 
6 

60d 

», 

Table  XVIII. 


40.  Dimensions  of  mlscellaiieous  steel-vrlre 
mate  number  per  pound. 

nails  and 

approzi- 

B. 
W. 
G. 

Diam- 
eter. 

Lengths,  inches. 

2 

20 

20 

21 

28 

32 

38 

45 

63 

62 

75 

86 

103 

124 

67 

204 

268 

350 

438 

21 

18 

18 

19 

25 

29 

34 

40 

47 

65 

67 

76 

92 

110 

139 

182 

238 

315 

389 

24 

16 

16 

17 

23 

26 

30 

36 

42 

60 

60 

69 

82 

99 

125 

164 

214 

284 

360 

2i 

15 

15 

16 

21 

24 

28 

33 

39 

45 

54 

62 

75 

90 

114 

149 

195 

258 

3 

14 

14 

15 

19 

22 

25 

30 

35 

41 

50 

57 

69 

83 

105 

137 

178 

236 

34 

12 
12 
13 
16 
19 
22 
26 
30 
35 
43 
49 
59 
71 
90 
117 
153 

4 

10 
10 
11 
14 
16 
19 
23 
26 
31 
37 
43 
52 
62 
79 
103 

4i 

9 
9 
10 
13 
14 
17 
20 
24 
28 
33 
39 
46 
56 
70 

5 

8 
8 
9 
11 
13 
15 
18 
21 
25 
30 
35 
41 
60 

6 

7 
7 
8 
10 
11 
13 
15 
18 
21 
25 
29 

7 

6 

6 

7 

8 

9 

11 

13 

15 

18 

8 

5 
5 
5 
7 
8 
10 
11 

9 

4 
4 
5 

6 

T 

8 

10 

10 

4 
4 

4 

6 
6 

7 
9 

11 

3 
3 
4 
6 
6 

12 

00 
3 

Ins. 
0.380 
.375 
.340 
.313 
.284 
.259 
.238 
.220 
.203 
.180 
.165 
.148 
.134 
.120 
.109 
.096 
.063 
.072 

3 
3 
3 

4 
5 

4 

K 

1     ' 

ft 

7 

a 

g 

1 

10 

1 

* 

11 

1        1 

12 

1 

13 

1 

1 

14 

.'        '                '' 

■"I"' 

16 

.! ' ' 

1 

till 

1 

1 

BS2P0M. 

Tabj^v  XIX. 
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41.  DtmeiK»ions  of  square  bQ«t  •pike*  and  approximate  nnm«- 
ber  in  a  Ices  ot  ^00  pounds :  - 


Size. 

Length  of  spike,  inches. 

3 

4 

5 

6 

r 

8 

9 

10 

11 

12 

14 

16 

In. 

3,000 
1,660 
1,320 

2,375 
1,360 
1,140 

*d40 

1,825 

1,175 

800 

600 

450 

990 
650 
560 
375 

880 
600 
510 
835 
260 

*1 

525 
440 
300 
240 

475 
360 
275 
220 

f 

320 
2flK) 
205 

218 
240 
190 

1 

■ 

175 

160 

Tabi-b  XX. 
42.  DlmeiMiioii*  of  ]|ri%ilrofLA  spUceBi 


Size 

measured 

under  head. 

Average 

number 

per  keg 

200  pounds. 

Quantity  oit  spikes  per 
mile  of  single  track; 
ties  2  feet  c.  to  c,  4 
spikes  per  tie. 

1 

RaU  used, 

weight  per 

yard. 

Incket. 

Founds. 

Keg». 

Pounds, 

5JxA 

300 

7,040 

29J 

76-100 

•375 

5,870 

45-76 

5  xA 

400 

5,170 

26 

40-56 

5  Xi 

450 

4,660 

23i 

35-40 

4Jx 

530 

3,960 

20 

30-36 

4  X 

600 

3,520 

m 

26-35 

4|x^ 

680 

3,110 

13 

20-30 

4   xA 

720 

2,910 

20-30 

3ixA 

900 

2,350 

11 

16-25 

4   X 

1,000 

2,090 

lOi 

16-25 

Six 

1,190 

1,780 

9 

16-20 

3   X 

.      1,240 

1,710 

11 

16-20 

2ix| 

1,342 

1,576 

.« 

8-16 

43.  Joints  in  metal  are  made  with  screw  bolts  already  described, 
or  with  rivets.  With  bolts  the  holes  should  come  fair  when  the  pieces 
are  assembled  and  the  bolt  should  fit  snugly  in  the  hole;  abutting 
surfaces  should  be  well  painted  before  assembling  to  exclude  moisture. 
In  riveted  joints  it  is  equally  important  that  the  holes  come  fair, 
but  the  rivet  should  fit  loosely  in  the  hole.  Bolted  joints  are  much 
more  conveniently  made,  especially  In  the  field,  but  they  have  less 
strength  than  the  riveted  ones, 

Jomts  in  metal  are  most  frequently  made  by  the  use  of  auxiliary 

gieces  such  as  hutt  atrapSj  angle  plates,  gusset  plates,  angle  irons,  etc. 
ome  common  forms  are  shown  in  fibres  10  to  15. 

44.  Felllnar  trees. — If  convenient*  arrange  for  the  tree  to  fall  In 
the  direction  of  its  natural  inclination.  If  it  be  necessary  to  fell  in 
another  direction,  use  ropes  to  pull  the  tree  partly  over  before  the 
cutting  Is  finished.     Commence   cutting  with  the   ax   on   the   sid^ 
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toward  which  the  tree  is  to  fall ;  cut  a0  far  as  the  center  of  the  tree 
or  a  little  beyond,  as  in  figure  16;  then  change  to  the  opposite  side 
and  commence  cutting  sligiitly  above  the  former  cut,  continuing  until 
the  tree  falls.  If  experienced  axmen  be  lacking,  better  results  can 
be  obtained  with  crosscut  saws.  Cut  from  the  falling  side  until  the 
saw  begins  to  jamb,  then  cut  from  the  other  side  until  the  tree  falls. 
Both  saw  and  ax  may  be  used. 

45.  FramlnflT* — The  following  methods  are  applicable  to  Joining 
the  sills  and  caps  to  the  posts  of  wooden  trestles : 

By  driftbolta  (fig.  33),  two  through  the  foot  of  each  post  into  the 
sill  and  one  through  the  cap  into  the  post. 

By  using  split  caps  and  sills  (figs.  31  and  32).  Instead  of  a  single 
stick  of  timber  two  pieces  of  half  the  width  are  used.  For  example, 
a  12  by  12  inch  cap  or  sill  is  replaced  by  two  6  by  12  Inch  sticks. 
A  tenon  3  to  6  Inches  thick  and  the  full  width  of  the  post  is  made  on 
its  top.  One  of  the  cap  or  sill  pieces  is  placed  on  each  side  of  the 
tenon  and  held  in  place  by  bolts  at  each  post. 

By  fish  plates  and  holts,  as  in  figure  37. 

Figures  18  to  30  show  various  useful  forms  of  Joints. 

KNOTS. 

46.  The  following  knots  are  most  useful  in  bridging : 

Overhand  knot  (fig.  38a),  used  at  the  end  of  a  rope  to  prevent 
unreeving  or  to  prevent  the  end  of  the  rope  from  slipping  through  a 
block. 

Figure-of-eight  knot  (fig.  38&),  used  for  purposes  similar  to  above. 

Square  or  reef  knot  (fig.  38),  commonly  used  for  Joining  two  ropes 
of  the  same  size.  The  standing  and  running  parts  of  each  rope  must 
pass  through  the  loop  of  the  other  in  the  same  direction.  L  e.,  from 
above  downward  or  vice  versa ;  otherwise  a  granny  (fig.  39)  is 
made,  which  is  a  useless  knot  that  will  not  hold.  The  reef  knot 
can  be  upset  by  taking  one  end  of  the  rope  and  its  standing  part 
and  pulling  them  in  opposite  directions.  With  dry  rope  a  reef  knot 
is  as  strong  as  the  rope ;  with  wet  rope  it  slips  before  tne  rope  breaks, 
while  a  double  sheet  bend  is  found  to  hold. 

The  thief  knot  (fig.  40),  commonly  mistaken  for  a  reef  knot,  should 
be  avoided  as  it  will  not  hold.  The  figure  shows  that  the  end  of  each 
rope  turns  around  the  standing  part  instead  of  around  the  end  of  the 
other,  as  in  a  reef  knot. 

Single  sheet  hend,  weaver's  knot  (fig.  41),  used  for  Joining  ropes 
together,  especially  when  unequal  In  size.  It  is  more  secure  than 
the  reef  knot  but  more  difiicult  to  untie. 

Double  sheet  bend  (fig.  42),  used  also  for  fastening  ropes  of  un- 
equal sizes,  especially  wet  ones,  and  is  more  secure  than  the  single 
sheet  bend. 

Tico  half  hitches  (fig.  43),  especially  useful  for  belayi^,  or  making 
fast  the  end  of  a  rope  round  its  own  standing  part.  The  end  may 
be  lashed  down  or  seized  to  the  standiDg  part  with  a  piece  of  spun 
yarn ;  this  adds  to  its  security  and  prevents  slipping. 

This  knot  should  never  be  used  for  hoisting  a  spar. 

Round  turn  and  tico  half  hitches  (fig.  44),  like  the  preceding,  ex- 
cept that  a  turn  is  first  taken  round  the  spar  or  post. 

Fisherman's  hend  or  anchor  knot  (fig.  45),  used  for  fastening  a 
rope  to  a  ring  or  anchor.  Take  two  turns  round  the  iron,  then  a 
half  hitch  round  the  standing  part  and  between  the  rings  and  the 
turns,  lastly  a  half  hitch  round  the  standing  part. 

Clove  hitch  (fig.  46),  generally  used  for  fastening  a  rope  at  rig^ht 
angles  to  a  spar  or  at  the  commencement  of  a  lashing.  If  the  end 
of  the  spar  is  free,  the  hitch  is  made  by  first  forming  two  loops,  as 
in  fig.  47,  placing  the  right-hand  loop  over  the  other  one  and  slipping 
the  double  loop  (fig.  48)  over  the  end  of  the  spar.  If  this  can  not 
be  done,  pass  the  end  of  the  rope  round  the  spar,  bring  it  up  to  the 
right  of  the  standing  part,  cross  over  the  latter,  make  another  turn 
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round  the  spar,  and  brlnj^  np  the  end  between  the  spar,  the  last  turn, 
and  the  standing  part  (fig.  49).  When  used  for  securing  guys  to  sheer 
legs,  etc^  the  knot  should  be  made  with  a  long  end,  whi<^fa  is  formed 
into  two  half  hitches  round  the  standing  part  and  secured  to  It  with 
spun  yarn. 

Timber  hUoh  (flg.  50),  used  for  hauling  and  lifting  spars.  It  can 
easily  be  loosed  when  the  strain  Is  taken  off,  but  will  not  slip  under 
a  pull.  When  used  for  hauling  spars,  a  half  hitch  is  added  near 
the  end  of  the  spar  (fig.  51). 

Telegraph  Mich  (fig.  52),  used  for  hoisting  or  hauling  a  spar. 

Hatcaer  l>end  (fig.  58),  used  for  joining  two  large  cables*  Bach 
end  Is  seized  to  its  own  standing  part. 

Bowhne  (fig.  54),  forms  a  loop  that  will  not  slip.  Make  loop  with 
the  standing  part  of  the  rope  underneath,  pass  tne  end  from  below 
through  the  loop,  over  the  part  round  the  standing  part  of  the  rope, 
and  then  down  through  the  loop  o.  The  length  of  bight  depends 
upon  the  purpose  for  which  the  knot  is  required. 

Bowline  on  a  JHffht  (fig.  55).  The  first  part  is  made  like  the 
above,  with  the  double  part  of  a  rope ;  then  the  bight  a  is  pulled 
through  sufiiciently  to  allow  it  to  be  bent  past  d  and  come  up  in 
the  position  shown.  It  makes  a  more  comfortable  sling  for  a  man 
than   a   single   bight. 

Running  bowline  (fig.  56). 

To  sling  a  barrel  or  box  horizontally  (fig.  57)  make  a  bowline  with 
a  long  bight  and  apply  it  as  shown. 

To  sling  a  barrel  vertically  (fig.  58),  make  an  overhand  knot  on  top 
of  the  two  parts  of  the  rope ;  open  out  the  knot  and  slip  each  half  of 
it  down  the  sides  of  the  cask ;  secure  with  a  bowline. 

Cat's-paw  (figs.  59  and  60).  Form  two  equal  bights,  as  in  figure 
59 ;  take  one  in  each  hand  and  roll  them  along  the  standing  part  till 
surrounded  by  three  turns  of  the  standing  part ;  then  bring  both  loops 
(or  bights)  together  and  pass  over  the  hook  of  a  block,  as  in  figure 
60,  where  the  nook  is  shown  moused  with  yarn. 

Sheep  shank  (fig.  61),  used  (or  shortening  a  rope  or  to  pass  by  a 
weak  spot ;  a  half  hitch  is  taken  with  the  standing  parts  around  the 
bights. 

Rolling  hitch  (fig.  62) ,  used  for  hauling  a  larger  rope  or  cable.  Two 
turns  are  taken  around  the  large  rope  In  the  direction  in  which  it  is  to 
be  hauled  and  one  half  hitch  on  the  other  side  of  the  hauling  part.  A 
useful  knot  and  quickly  made. 

For  armored  cable,  or  wet  manlla  rope,  the  hitch  must  be  made  with 
a  strap  of  rope  yam  (fig.  86).     Rope  will  not  hold. 

Blackwall  hitch  (fig.  63),  used  for  attaching  a  single  rope  to  a  hook 
of  a  block  for  hoisting. 

Mooring  knot  (fig.  64).  Take  two  turns  around  the  mooring  or 
snubbing  post,  pass  the  free  end  of  the  rope  under  the  standing  part ; 
take  a  third  turn  above  the  other  and  pass  the  free  end  between  the 
two  upper  turns. 

•  Carriok  hend  (fig.  65),  much  used  for  hawsers  and  to  fasten  guys  to 
derricks 

Wall  knot  (figs.  66  and  671  and 

Crown  on  wall  (figs.  68  and  69)  ;  both  used  for  finishing  off  the  ends 
of  ropes  toprevent  unstranding. 

To  make  a  short  splice  (figs.  70,  71,  and  72)  unlay  the  strands  of 
each  rope  for  a  convenient  length.  Bring  the  rope  ends  together  so 
that  each  strand  of  one  rope  lies  between  the  two  consecutive  strands 
of  the  other  rope.  Draw  tne  strands  of  the  first  rope  along  the  second 
and  grasp  with  one  hand.  Then  work  a  free  stsand  of  the  second  rope 
over  the  nearest  strand  of  the  first  rope  and  under  the  second  strand, 
working  In  a  direction  opposite  to  the  twist  of  the  rope.  The  same 
operation  applied  to  all  the  strands  will  give  the  result  shown  by 
figure  71.  Tbe  splicing  may  be  continued  in  the  same  manner  to  any 
extent  (fig.  72),  and  the  free  ends  of  the  strands  may  be  cut  off  when 
desired.     The  splice  may  be  neatly  tapexed  by  cutting  out  a  few  fibers 
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from  each  strand  each  time  it  is  passed  through  the  rope.     Rolling 
under  a  board  or  the  foot  will  make  the  splice  compact. 

Long  splice  (figs.  73,  74). — Unlay  the  strands  of  each  rope  for  a 
convenient  length  and  bring  together  as  for  a  short  splice,  unlay  to 
any  desired  length  a  strand,  a,  of  one  rope,  laying  in  its  place  the 
nearest  strand,  a,  of  the  other  rope.  Repeat  the  operation  in  the  op- 
posite direction  with  two  other  strands,  o  and  /.  Figure  74  shows  • 
strands  c  and  f  secured  by  Ijing  together.  Strands  b  and  e  are  shown 
secured  by  unlaying  half  of  each  for  a  suitable  length  and  laying  half 
of  the  other  in  place  of  the  unlaved  portions,  the  loose  ends  oelng 
passed  through  the  rope.  This  splice  is  used  when  the  rope  is  to  run 
through  a  block.  The  diameter  of  the  rope  is  not  enlarged  at  the 
splice.  The  ends  of  the  strands  should  not  be  trimmed  off  close  until 
the  splice  has  been  thoroughly  stretched  by  work. 

Bye  apUce  (figs.  75,  75a.  76,  76a). — Unlay  a  convenient  length  of 
rope.  Pass  one  loose  strand,  a,  under  one  strand  of  the  rope,  as  shown 
in  figure  75,  forming  an  eye  of  the  proper  si2e.  Pass  a  second  loose 
strand,  h,  under  the  strand  of  the  rope  next  to  the  strand  which  se- 
cures a  (fig.  75a).  Pass  the  third  strand,  o,  under  the  strand  next  to 
that  which  secures  h  (fig.  76).  Draw  all  taut  and  continue  and  com- 
plete as  for  a  short  splice. 

LASHINGS. 

47.  To  lash  a  transom  to  an  upright  spar  (fig.  77),  transom  in 
front  of  upright. — ^A  clove  hitch  is  made  round  the  upright  a  few 
inch^  below  the  transom.  The  lashing  is  brought  under  the  transom, 
up  in  front  of  it,  horizontally  behind  the  upright,  down  in  front  of 
the  transom,  and  back  behind  the  upright  at  the  level  of  the  bottom 
of  the  transom  and  above  the  clove  hitch.  The  following  turns  are 
kept  outside  the  previous  ones  on  one  spar  and  inside  on  the  other, 
not  riding  over  the  turns  already  made.  Four  turns  or  more  are 
required.  A  couple  of  trapping  turns  are  then  taken  between  the 
spars,  around  the  lashing,  and  the  lashing  is  finished  off  either 
round  one  of  the  spars  or  any  part  of  the  lashing  through  which  the 
rope  can  be  passed.  The  final  clove  hitch  should  never  be  made 
around  the  spar  on  the  side  toward  which  the  stress  is  to  come,  as 
it  may  jam  and  be  difficult  to  remove.  The  lashing  must  be  well 
beaten  with  handspike  or  pick  handle  to  tighten  it  up.  This  is 
called  a  square  lashing. 

48.  Lashing  for  a  pair  of  shears  (fig.  78). — ^The  two  spars  for  the 
shears  are  laid  alongside  of  each  other  with  their  butts  on  the 
ground,  the  points  below  where  the  lashing  is  to  be  resting  on  a  skid. 
A  clove  hitch  is  made  round  one  spar  and  the  lashing  taken  loosely 
eight  or  nine  times  about  the  two  spars  above  it  without  lidins.  A 
couple  of  frapping  turns  are  then  taken  between  the  spars  ana  the 
lashing  is  finished  off  with  a  clove  hitch  above  the  turns  on  one  of 
the  spars.  The  butts  of  the  spars  are  then  opened  out  and  a  sllnsr 
passed  over  the  fork,  to  which  the  block  is  hooked  or  lashed^  and 
fore  and  back  guys  are  made  fast  with  clove  hitches  to  the  bottom 
and  top  spars,  respectively,  just  above  the  fork  (fig.  79). 

49.  To  lash  three  spars  together  as  for  a  gin  or  tripod. — ^Bfark  on 
each  spar  the  distance  from  the  butt  to  the  center  of  the  lashlnug. 
Lay  two  of  the  spars  parallel  to  each  other  with  an  interval  a 
little  greater  than  the  diameter.  Rest  their  tips  on  a  skid  and  lay 
the  third  spar  between  them  with  its  butt  in  the  opposite  direction 
so  that  the  marks  on  the  three  spars  will  be  in  line.  Malce  a  clove 
hitch  on  one  of  the  outer  spars  below  the  lashing  and  take  eight  or 
nine  loose  turns  around  the  three,  as  shown  in  figure  80.  Take  a 
couple  of  frapping  turns  between  each  pair  of  spars  in  succession 
and  finish  with  a  clove  hitch  on  the  central  spar  above  the  laahins. 
Pass  a  sling  over  the  lashing  and  the  tripod  is  ready  for  raising. 

50.  Holdfaata. — To  prepare  a  fastening  in  the  ground-  for  the 
attachment  of  guys  or  purchases,  stout  pickets  axe  driven  into  the 

>und  one  behind  the  other,  in  the  line  of  pull.     The  head  of  each 
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picket  except  the  last  is  secured  by  a  lashing  to  the  foot  of  the 
picket  next  behind   {tig,  81).     The  lashings  are  tightened   bv  rack 
"'  '      "         '   '      '     luc*  -  ...  - 


sticks,  the  points  of  which  are  driven  into  the  ground  to  hold  them  in 
position.  The  distance  between  the  stakes  should  be  several  times 
the  height  of  the  stake  above  the  ground. 

Another  form  requiring  more  labor  but  having  much  greater 
strength  is  called  a  *'  deadman,"  and  consists  of  a  log  laid  in  a 
transverse  trench  with  an  Inclined  trench  intersecting  it  at  its 
middle  point.  The  cable  is  passed  down  the  inclined  trench,  takes 
several  round  turns  on  the  log,  and  is  fastened  to  it  by  half  hitches 
and  marlin  •stopping  (figs.  82,  83,  and  84).  If  the  cable  is  to  lead 
horizontally  or  Inclined  downward,  it  should  pass  over  a  log  at  the 
outlet  of  the  inclined  trench  (fig.  83).  If  the  cable  is  to  lead  up- 
ward, this  log  is  not  neeessary,  but  the  anchor  log  must  be  buried 
deeper. 

BLOCKS  AND  TACKLES. 

51.  The  parts  of  a  block  are  the  shell  or  frame,  the  sheave  or 
wheel  upon  which  the  rope  runs,  and  the  pin  upon  which  the  wheel 
turns  in  the  shell.  A  strap  of  iron  or  rope  passes  around  the  shell 
and  forms  attachments  for  a  hook  at  one  end  and  an  eye  at  the 
other.     (See  figs.  85,  86,  87,  and  88.) 

Blocks  are  also  made  entirely  of  metal,  in  which  the  strap  is  re- 
placed by  bolts  (fig.  89). 

Blocks  are  designated  by  the  length  of  the  shell  in  inches  and  by 
the  number  of  their  sheaves.  Those  with  one,  two,  three,  and  four 
sheaves  are  called  single,  double,  triple,  and  quadruple.  The  largest 
rope  a  wooden  block  will  take  has  a  circumference  equal  to  one- 
third  the  length  of  the  shell.  Self-lubricating  blocks  may  be  ob- 
tained and  are  to  be  preferred. 

A  snatch  block  is  a  single  block  with  the  shell  and  strap  open  at 
one  side  to  admit  a  rope  without  passing  the  end  through  (ng.  90). 

A  running  block  is  attached  to  the  object  to  be  moved ;  a  standing 
block  l8  fixed  to  some  permanent  support  (figs.  94,  95,  and  96).  A 
simple  tackle  consists  of  one  or  more  blocks  rove  with  a  single  rope 
or  uill.  The  end  of  the  fall  fixed  in  the  tackle  is  called  the  standing 
end ;  the  other  is  the  running  end.  Each  part  of  the  fall  between 
the  two  blocks,  or  between  either  end  and  the  block,  is  called  a 
return. 

To  overhaul  is  to  separate  the  blocks ;  to  round  in,  to  bring  them 
closer  together.  When  the  blocks  are  in  contact  the  fall  is  said  to 
be  chockablock. 

A  ichip  is  a  single  fixed  block  and  fall;  it  gives  no  increase  of 
power.     A  whip  on  a  whip  (fig.  98)  doubles  its  power. 

A  luff  tackle  consists  of  a  single  and  a  double  block,  either  fixed  or 
movable  (fig.  94). 

A  gun  tackle  consists  of  a  double  and  a  single  block,  the  standing 
end  attached  to  the  fixed  block  (fig.  95). 

GBNERAL  NOTES  ON  BRIDGE  DESIGN. 

52.  When  frequent  supports  can  be  obtained,  the  floor  system,  con- 
sisting of  longitudinal  beams  and  cross  planking,  or  their  equiva- 
lents, rests  directly  on  piers.  This  method  of  construction  should  be 
adopted  whenever  practicable.  If  long  spans  are  necessary,  the  floor 
system  must  be  sustained  by  cantilevers,  trusses,  arches,  or  cables 
resting  on  the  supports  and  forming  cantilever,  truss,  arched,  or  sus- 
pension bridges. 

53.  A  roadway  9  feet  wide  in  the  clear  should  be  provided  to  pass 
Infantry  in  fours,  cavalry  two  abreast,  and  military  wagons  in  one 
direction ;  a  width  of  6  feet  will  suffice  for  infantry  in  column  of 
IrwoB,  cavalry  in  single  file,  and  field  guns  passed  over  by  hand. 

The  clear  width  of  roadway  of  an  ordinary  highway  bridge  should 
not  be  less  than  12  feet  for  single  track  or  20  feet  for  double  track. 
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The  clear  head  room  in  ordinary  military  bridges  should  not  be  less 
than  9  feet  for  wagons  and  cavalry;  for  highway  bridges  not  less 
than  14  feet 

Ramps  at  the  ends  of  a  bridge,  If  intended  for  artillery,  should  not 
be  steeper  than  1  on  7.  For  animals,  slopes  steeper  than  1  on  10  are 
inconvenient. 

If  the  bridges  are  high,  hand  rails  should  be  provided.  A  single 
rope  may  suihce,  or  it  may  have  brush  placed  upon  it  to  form  a 
screen. 

A  guard  rail  should  be  provided  along  each  side  of  the  roadway, 
near  the  ends  of  the  flooring  planks.  In  hasty  bridges  it  may  be  se- 
cured by  a  lashing  or  lashings  through  the  planking  to  the  stringer 
underneath.  Otherwise  it  may  be  fastened  with  spikes  or  bolts. 
54.  Examples  of  improvised  sbort-span  military  bridges : 
Trussed  ladder  bridge. — ^A  ladder  may  be  used  as  a  bridge  by  plac- 
ing it  on  Its  edge,  thus  forming  a  kind  of  trussed  beam.  A  portable 
bridge  of  this  kind  was  used  in  China  in  1860  for  crossing  canals. 
Two  beams  24  feet  long  were  formed  out  of  four  scaling  ladders,  each 
12  feet  long,  by  lashing  them  in  pairs  end  to  end,  with  planks  3  feet 
long  coverlAjL;  the  junctions.  The  beams  so  made  were  laid  across  the 
canal,  set  on  edge  in  grooves  cut  into  the  bank.  Planks  4  feet  long 
were  laid  across  from  beam  to  beam  to  form  the  roadway  (fig.  99). 

This  bridge,  24  feet  long,  was  laid  and  crossed  in  a  quarter  of  an 
hour.  Its  total  weight  was  750  pounds,  or  31  pounds  per  foot.  It 
was  crossed  by  hair  a  company  ol  infantry,  two  abreast,  files  well 
closed  and  in  step. 

The  ladder  beam  may  be  greatly  strengthened  by  trussing  with  a 
rope,  a»  shown  in  figure  100. 

In  shallow  streams  intermediate  supports  may  be  quickly  obtained 
by  moving  wagons  into  the  water. 

55.  Spar  bridare*. — ^This  name  is  applied  to  bridges  built  of  round 
timbers  lashed  together.  Intermediate  points  of  support  are  provided 
by  inclined  frames  acting  as  struts  to  transmit  weight  from  the  mid- 
dle of  the  bridge  to  the  banks.  The  single-lock  and  double-lock 
bridges  with  two  and  thre<  spans  of  15  feet,  respectively,  are  the 
ones  of  most  utility. 

The  first  step  in  constructing  a  spar  bridge  is  to  measure  the  gap 
to  be  bridged  and  select  the  position  of  the  footings  on  either  bank. 
Determine  the  distance  from  each  footing  to  the  middle  point  of  the 
roadway  if  a  single-lock,  or  the  two  corresponding  points  of  a  double- 
lock  bridge.  Next  determine  and  mark  on  each  spar  except  the  diag- 
onals the  places  where  other  spars  cross  it.  The  marking  may  be 
done  with  chalk  or  with  an  ax.  If  possible  a  convenient  notation 
should  be  adopted.  As,  for  example,  in  marking  with  chalk,  a  ring 
around  the  spar  where  the  edge  of  the  crossing  spar  will  come,  and  a 
diagonal  cross  on  the  part  which  wlU  be  hidden  by  the  crossing  spar. 
A  simple  wav  to  determine  the  length  of  spars  is  the  following: 
Take  two  small  lines  somewhat  longer  than  the  width  of  the  gap, 
double  each  and  lash  the  bights  together.  Stretch  them  tightly 
across  the  gap  so  that  the  lashing  comes  at  the  middle,  as  at  A, 
figure  109.  Release  one  end  of  each  and  stretch  it  to  the  footing  on 
the  same  side  as  indicated  by  the  dotted  lines.  Mark  each  line  at 
the  footing  G  or  C\  and  at  the  position  chosen  for  the  abutment  sill, 
B  or  B\  Cut  the  lashing  and  take  each  piece  of  rope  to  its  own  side. 
The  distances  AB  and  AB'  are  the  lengths  between  the  transoms,  and 
with  2  feet  added  give  the  length  of  road  bearers  required.  The  dis- 
tances AC  and  AC  are  the  lengths  of  struts  from  butt  to  top  of 
transom,  and  with  3  feet  added  give  the  total  length  of  spars  re- 
quired. 

For  a  double-lock  bridge,  a  piece  of  rope  of  a  length  equal  to  the 
length  of  the  middle  bay  replaces  the  lashing.  If  the  banks  are  not 
parallel,  a  measurement  should  be  taken  on  each  side  of  the  bridge. 

If  desired,  a  section  of  the  gap  may  be  laid  down  on  the  ground  1^ 
full  size  and  the  lengths  of  spars  determined  by  laying  them  in  plar 
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Fig.  99. 
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Fig.  103, 
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2 
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29 
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10          210 

r7 

7 

Smmram 

7 

Aggregate   length    end 
weight  of  rope  required. 



'    2,442 

• 

526 

2,8S2 

575 

Miscellaneous  materiaU:  2  pieces  chalk ;  8  pickets  5  feet  long ;  4 
pickets  3  feet  long;  tracing  pickets;  plank  for  chess  (1|  by  12  inches 
hj  10  feet,  according  to  span)  ;  rack  sticks  and  laslitngs  (at  4-foot 
intervals,  according  to  span;  ;  2  tracing  tapes,  150  feet  eactu 

60.  Road'vrajr  of  apar  brldgre. — For  Infantry  in  fours  crowded 
the  transoms  should  liave  a  diameter  of  not  less  than  9  Indies  for 
a  span  of  15  feet.  Five  stringers  2  feet  3  inches  c.  to  c,  and  6 
inches  diameter  at  the  tip  will  suffice.  If  the  sticks  vary  in  size, 
the  larger  ones  should  t>e  notched  down  on  the  transom  so  as  to 
bring  the  tops  in  the  same  plane.  The  stringers  should  be  long 
enough  to  overlap  the  transoms  and  should  be  lashed  together  at 
each  tip.  The  floor  is  held  down  by  side  rails  over  the  outside 
stringers  and  la^ed  to  them.  If  lumber  can  not  be  obtained,  a  floor 
may  be  made  of  small  spars,  the  interstices  filled  witii  brush,  and 
the  whole  covered  with  loam  or  clay  (figs.  108  and  110). 

61.  Trestle  fcrldares. — Applicable  to  shallow  rivers  with  firm  bot- 
toms and  not  subject  to  sudden  change  in  water  level.  Improvised 
structures  are  seldom  satisfactory.  On  a  rocky  bottom  tney  are 
difilcult  to  fit,  on  a  muddy  bottom  they  sink,  and  on  a  sandy  bottom 
they  undermine.  Portable  trestles  require  but  little  timber  and  can 
eaBlly  be  transported.  The  parts  are  fitted  together  and  numbered 
to  facilitate  assembling.  A  trestle  bridge  Is  not  limited  as  to  length. 
The  bays  are  of  convenient  length,  usuallv  12  to  15  feet,  depen^ng 
upon  toe  traffic  and  the  available  material. 

Accurate  soundings  across  the  stream  along  both  sides  of  the 
bridge  are  required  where  the  bottom  is  irregular  to  deterniine  the 
leuKth  of  legs  and  the  height  of  the  cap  of  each  trestle  above  the 
bottom. 

^'^.  Trestles  of  spars  and  lasliti&irs  are  applicable  to  rocky  ra- 
or  when  circumstances  make  it  difficult  to  drive  piles.  They 
e  two,  three,  or  four  legged. 
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The  two-legged  form  is  similar  to  a  frame  for  a  single-lock  bridge 
(par.  55).  the  only  difference  being  that  the  trestle  standards  have  a 

S eater  slope.  Four  men  should  make  the  trestle  in  45  minutes, 
the  timber  be  weak,  both  ledger  and  transom  may  be  doubled,  as 
in  figure  103.  Light  material  may  be  used  for  the  diagonal  braces, 
as  little  strain  is  brought  upon  them.  Two-legged  trestles  are  main- 
tained in  upright  positions  by  lashing  the  stringers  to  the  transoms 
and  by  longitudinal  bracing  of  adjacent  trestles.  The  trestles  next 
the  shore  must  be  rigidly  braced  by  spars  lashed  to  the  standards 
and  to  stout  stakes  driven  in  the  bank.  This  end  bracing  is  very 
important. 

Three-legged  trestles  (fig.  Ill)  have  the  advantage  of  utilizing 
light  material.  They  will  stand  without  bracing  and  admit  of  more 
ready  adjustment  than  the  other  forms. 

To  make  a  tripod,  the  lashing  of  the  tips  may  be  done  as  described 
In  paragraph  49  or  as  shown  in  figure  112,  the  latter  method  per- 
mitting a  transom  to  be  placed  in  the  fork.  In  the  latter  method 
the  tips  of  the  two  legs  are  lashed  together  with  a  shear  lashing 
(par.  48),  and  the  third  leg  or  tripod  is  then  added.  The  tripod  is 
then  raised,  the  feet  placed  on  the  angles  of  an  equilateral  triangle 
with  sides  about  half  the  height  of  the  tripod  and  secured  by  lashing 
three  light  ledgers,  as  shown  in  the  figure. 

Three-legged  trestles  of  bamboo  fitted  with  three  transoms  lashed 
at  different  heights  for  varying  depths  of  water  were  used  near 
Manila  for  a  portable  bridge  150  feet  long.  The  floor  was  made  of 
bamboo  frames  covered  with  bamboo  mats.  The  floot  for  each  bay 
was  carried  entire  and  was  designed  to  be  hung  by  ropes  from  the 
transoms.  The  entire  bridge  could  be  carried  by  120  men,  but  was 
rather  heavy  for  them. 

A  four-legged  trestle  made  of  spars  and  lashings  is  shown  in 
figure  113.  It  consists  of  two  frames  similar  to  two-legged  trestles, 
locked  together  at  the  transoms  and  connected  by  short  ledgers  at 
the  feet.  The  breadth  of  the  base  on  which  the  trestle  stands  should 
not  be  less  than  one-half  the  height.  /Figure  114  shows  a  four-legged 
trestle  for  same  use  as  that  shown  in  fig.  113.  It  presents  slightly 
different  arrangements  of  the  parts  and  of  the  lashings.  Four-legged 
trestles  are  not  convenient  for  use  on  uneven  bottom. 

If  trestles  are  placed  In  considerable  depth  of  water,  it  may  be 
necessary  to  ballast  them  temporarily  until  the  weight  of  the  roadway 
can  be  put  on.  Pieces  of  rock  or  sacks  of  gravel  may  be  used  for 
ballast  or  any  articles  of  the  equipment  in  compact  form  and  of 
considerable  weight  may  be  lashed  to  the  trestle  when  it  is  set  and 
removed  to  the  next  when  no  longer  needed. 

In  setting  trestles  of  all  forms  on  dry  foundations  they  may  be 
made  with  legs  of  uniform  length  as  prescribed  in  the  text,  set  up  In 
place,  and  fitted  to  the  ground  by  lashing  suitable  extension  pieces 
to  the  feet. 
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Table  XXIII. 
63.  Spars  and  laaliiiiffB  for  trestles  i 


Kind  of  trestle. 


Two-legged. 


Three-legged... 


Four-legged. 


Number 

of  spars  or 

lashings. 

length. 

Diameter 
of  spars  or 
circum- 
ference 
of  rope. 

r         2 

1 
2 
1 
6 
3- 
6 
1 
4 
6 
4 

12 
6 
4 
2 
4 
4 

12 
6 

Feet, 

IncJiea, 
4*-6 
5-7 

3M} 
3-6 

.1 

7-8 
3-3} 

3-3} 
2}-3 

11 

10-14 

80 
15 

14 

4-6 

6 

2 

30 

15 

10-14 

30 
15 

Purpose. 


Legs. 

Transom. 

Diagonals. 

Ledger. 

Lasnings. 

Do. 
Legs. 
Transom. 
Cross  bearers. 
Ledgers. 
Stakes. 
Lasbings. 

Do. 
Legs. 
Transom. 
Diagonals. 
Ledgers. 
Lashings. 

Do. 


64.  Erectlnir  trestle  bridgres. — Trestles  may  be  placed  in  posi- 
tion by  hand  in  dry  situations,  and  also  in^  shallow  streams  of  mod- 
erate current  when  the  weather  will  permit  men  to  work  in  the 
water.  This  method  facilitates  rapid  construction,  as  several  trestles 
can  be  placed  simultaneously.  Alternative  methods  are  slower  of  exe- 
cution, since  but  one  trestle  can  be  placed  at  a  time  if  the  bridge  be 
built  from  one  end,  or  two  if  work  is  prosecuted  from  both  ends.  One 
of  these  methods  is  shown  in  figure  116.  Inclined  timbers  are  run 
out  from  the  end  of  the  bridge,  their  lower  ends  resting  on  the  bot- 
tom at  the  point  where  the  next  trestle  is  to  stand.  Slide  the  trestle 
down  these  ways  until  it  strikes  the  bottom.  Lash  stringers  to  the 
cap  and  push  the  bent  into  an  erect  position.  Lay  the  remaining 
stringers  and  complete  the  roadway  over  the  new  bay,  and  place  an- 
other trestle  as  before. 

Another  method  is  shown  in  figure  121,  involving  the  use  of  beams, 
roller,  and  rope.  The  beams  used  must  be  about  twice  the  length  of 
the  bay. 

Figure  122  illustrates  a  method  of  placing  trestles  when  a  boat  or 
raft  is  available. 

High  trestles  are  usually  erected  by  the  use  of  a  balance  beam  (fig. 
131)  rolled  forward  as  the  fioor  advances  and  projecting  beyond  the 
last  bent  completed. 

65.  Framed  trestles. — ^The  trestle  is  also  one  of  the  most  useful 
methods  of  utilizing  dimension  timbers  for  bridge  supports.  In 
framed  trestle  bents  (figs.  116  and  117)  the  posts  rest  on  a  sill 
placed  on  the  ground  or  supported  by  footings  of  some  kind.  The 
names  of  the  principal  parts  of  a  trestle  bent  are  indicated  in  figure 
117.  In  varying  the  height  of  the  trestle  the  cap  remains  of  the 
same  length  and  the  batfer  posts  have  the  same  inclination.  The 
length  of  the  sill  varies,  as  indicated  in  dotted  lines  (fig.  116). 
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The  simplest  framed  trestle  is  the  sawhorse.  The  relative  dimen- 
sions and  arrangement  of  its  parts  are  as  shown  in  figures  118,  119, 
and  120.  The  figures  and  proportions  given  are  to  be  regarded  as 
typical  only  with  the  widest  latitude  of  adaptation  to  materials  avail- 
able. 

66.  Figures  123  and  124  Illustrate  a  trestle  bridge  designed  to  carry 
the  loaded  escort  wagon  with  a  factor  of  safety  of  8.  If  the  height 
of  the  trestle  is  not  greater  than  its  width,  the  bracing  shown  in  fig- 
ure 125  may  be  used.  It  has  the  advantage  of  giving  a  middle  sup- 
port to  the  transom.  Figures  126  and  127  show  a  hasty  trestle 
bridge  thrown  across  Conemaugh  River  at  Johnstown,  Pa.,  by  a  de- 
tachment of  engineers,  June,  1889.  The"  piers  are  stiffened  laterally 
by  planking  the  uprights  on  both  sides  for  some  distance  above  the 
bottom,  and  are  made  self-anchoring  by  filling  the  6-inch  space  be- 
tween the  planks  with  scrap  iron  or  other  heavy  material. 

Trestles  of  considerable  height  may  be  made  in  two  or  more  tiers, 
the  cap  of  each  forming  the  sill  of  the  one  next  above  and  resting 
upon  it,  or  the  posts  may  be  continuous  (figs.  128,  129,  and  130). 

When  trestle  sills  are  supported  on  footings  or  piles,  the  points  of 
support  must  be  under  the  posts. 

67.  Pile  bents  are  similar  in  coiistructlon  to  trestle  bents.  The 
siir  is  omitted,  the  posts  are  driven  into  the  ground,  and  usually  are 
all  vertical.  Pile  bents  are  to  be  preferred  on  soft  ground  and  In 
rapid  streams.  Piles  should  be  from  8  to  12  inches  in  diameter  at 
the  butt  for  highway  traffic,  and  must  be  approximately  straight,  or 
they  can  not  be  driven.  Dimension  timbers,  the  nearer  square  the 
better,  make  excellent  piles. 

Types  of  arrangement  of  piling  for  railroad  work  are  shown  in  fig- 
ures 132  to  136. 

For  bents  more  than  10  feet  high,  the  outside  piles  may  be  driven 
with  a  batter.  Bents  10  to  20  feet  in  heigiit  have  one  set  of  away 
hraces.  Crossed  diagonals  of  ^  by  10  in(^  plank,  one  on  each  side 
of  the  bent,  suffice  Xflg.  140).  Heights  of  more  than  20  feet  should 
have  additional  sets  of  crossed  diagonals,  with  horizontal  sticks  be- 
tween them  (fig.  142). 

Except  in  streams  subject  to  floods,  longitudinal  tracing  also  is  re- 
quired. It  may  be  in  one  or  more  tiers,  as  described  for  sway  bracing, 
or  ai3  is  shown  in  figure  129. 

A  pile  bent  for  water  10  feet  deep  is  shown  in  figure  137.  Figures 
138  and  139  show  a  bridge  built  across  the  Portuges  River,  P.  R., 
and  designed  to  allow  floods  to  pass  over  it  without  other  Injury  than 
carrying  away  the  hand  rail,  which  is  lightly  constructed  with  that 
end  In  view.  Figures  140  and  141  show  a  type  of  pile  bridge  of 
which  several  were  built  In  the  Philippines* 

68.  Pile  drivlngr* — Piles  may  be  driven  with  a  hammer  in  mud 
or  any  loose  soil  except  sand.  In  still  water  or  moderate  currents, 
and  to  the  penetration  usually  sufficient  for  light  work,  piles  may  be 
driven  with  sledges  or  mauls.  It  is  best  done  from  a  platform  attached 
to  the  pile  and  going  down  with  it,  as  shown  in  figure  143.  The 
weights  of  drivers  balance,  and  after  the  pile  Is  well  fixed  in  place  the 
shore  ends  of  the  spars  may  be  held  shoulder  high  and  lowered  as  the 
pile  goes  down,  so  as  to  keep  the  platform  horizontal  for  the  hard 
driving. 

Heavier  blows  can  be  struck  by  the  device  shown  in  figure  143a. 
For  four  men  the  hammer  may  weigh  250  to  300  pounds. 

For  sand,  a  force  pump  and  water  jet  are  required,  and  the$e  will 
often  facilitate  driving  In  other  soils  For  driving  with  the,  jet  a 
length  of  hose  and  a  piece  of  wrought-iron  pipe,  long  enough  to  reach 
from  the  point  of  the  pile  to  a  point  above  the  water  level  when 
driven,  are  required.  After  the  pile  is  hoisted  Into  the  leads,  attach 
the  pipe  to  one  side.  Its  lower  end  opposite  the  point,  which  should 
not  be  sharpened,  using  two  or  three  wrought-iron  spikes  driven  a 
short  distance  into  the  wood  and  bent  over  the  pipe.  Place  the  pile  in 
position,  lower  the  hammer  onto  the  head,  couple  the  hose  to  the  pipe, 
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Fig.  132 


Fig.  1 33 


Fig.  1 34 


Fig.  136 


Fig.  137 
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and  start  the  pump.  If  the  pile  does  not  settle  under  the  weight  of 
the  hammer,  tap  It  lightly.  Heavy  blows  are  to  be  avoided,  as  they 
will  dislodge  the  pipe. 

In  the  Philippine  streams  piles  are  often  placed  by  setting  them  up 
In  position  and  working  the  tops  back  and  forth  by  guy  lines  or 
twisting  them  by  levers.  On  a  tributary  of  Camilleis  River  between 
Bayambang  and  Camilleis,  12-inch  piles  were  sunk  in  the  river  to  10 
or  12  foot  penetration.  The  peculiar  softness  of  bottom  and  the  great 
weight  of  the  native  woods  contribute  to  the  success  of  this  method. 

When  the  piles  of  a  bridge  are  to  be  driven  by  hand,  the  following 
method,  which  utilizes  the  floor  of  the  bridge  as  a  working  platform, 
has  been  found  to  work  admirably.  It  was  devised  by  Capt.  Rees,  in- 
structor of  engineering  in  the  General  Service  and  Staff  College,  Fort 
Leavenworth,  Kans.,  and  used  by  him  in  the  instruction  of  his  classes. 

The  first  bent  is  driven  at  the  water's  edge  and  connected  with  the 
shore  by  a  bay  of  roadway.  A  derrick  frame  is  prepared  as  shown  in 
figure  142a.  The  feet  of  the  standards  are  forked  to  embrace  the 
trestle  cap.  A  floor  frame  is  formed  by  lashing  two  stringers  to  a 
trestle  cap  and  placing  a  diagonal.  This  frame  is  laid  on  the  floor  of 
the  last  bay  with  the  free  ends  of  the  stringers  under  the  last  cap  and 
lashed  to  it,  the  lashings  passing  up  on  the  rear  side  and  down  on 
the  front  side  of  the  caps  (fig.  142a,  first  stage).  The  new  cap  and 
the  diagonal  are  on  top  of  the  stringers  in  this  position.  The  frame 
is  raised  at  first  by  hand  and  later  by  the  fore  guys  and  rotates  about 
the  cap  to  which  the  stringers  are  lashed.  As  the  frame  passes  the 
vertical  It  is  held  by  the  back  guys  and  lowered  to  a  slightly  Inclined 
position  (second  stage).  The  derrick  frame  is  then  placed  with  its 
claws  embracing  the  cap  outside  of  the  stringers,  raised  by  hand  and 
the  back  guys  made  fast  at  the  tops  of  Its  posts  (second  stage).  The 
two  frames  are  then  revolved  about  the  cap  by  slacking  the  back  guys 
until  the  floor  frame  is  nearly  horizontal  (third  stage).  It  then  forms 
a  working  platform  for  driving  the  piles  of  the  next  bent.  By  lashing 
the  cap  to  the  piles  and  slacking  the  guys  (fourth  stage)  the  weight 
of  the  platform  and  men  may  be  thrown  onto  the  piles  to  assist  in 
sinking  them. 

69.  Desigrna  for  pile  drivers. — If  two  service  pistons  with  balk 
and  chess  are  available  a  floating  hand  pile  driver,  shown  in  figures 
144,  145,  and  146,  may  be  improvised.  The  construction  is  obvious 
from  the  drawings.  The  hammer  is  a  log  of  heavy  wood  16  inches  In 
diameter  and  4  or  5  feet  long,  flattened  on  opposite  sides  to  flt  loosely 
between  the  leads.  Pairs  of  pins  are  Inserted  near  the  top  and  bottom 
of  the  block  on  both  sides,  to  serve  as  guides. 

Another  form  of  fleld  pile  driver  is  shown  In  flgures  147  and  148. 
It  can  be  constructed  from  balk,  chess,  and  2-inch  plank  by  six  men  in. 
about  six  hours.    It  is  rolled  forward  on  the  bridge  as  built. 

The  form  of  driver  shown  in  figures  150,  151.  and  152  also  rolls  for- 
ward on  the  trestles,  projecting  beyond  the  last  one  driven  far  enough 
to  drive  the  one  ahead.  For  two  or  four  pile  bents  the  double  leads, 
shown  in  this  construction,  are  an  advantage,  as  they  reduce  the 
lateral  shifting,  besides  doubling  the  rate  of  driving. 

The  tops  of  the  piles  must  be  cut  accurately  to  the  plane  of  the 
bottom  of  the  car  to  give  firm  bearings.  If  cut  by  hand,  nail  a 
straight  strip  of  wood  on  each  side  of  the  pile  with  its  upper  edge  In 
the  desired  plane,  and  run  the  saw  on  top.  of  these  strips  (fig.  149). 

In  the  fleid  pile  driver  shown  in  flgures  150  and  151  a  swinging 
saw  frame  is  Indicated.  When  in  use  it  is  hung  from  a  pivot  at- 
tached to  the  hammer.  In  starting  the  cut,  the  sag  of  the  saw  must 
be  lifted  until  its  middle  is  on  line  with  its  ends  and  held  so  until 
engaged  In  the  cut. 

70.  Operating  field  driver  (flgs.  150,  151,  and  152). — A  bent 
just  completed,  overhaul  the  shifting  tackles  and  attach  them  by 
straps  to  the  last  cap ;  fasten  blocks  to  the  caps  on  the  outside  of 
the  sills  of  the  machine  to  serve  as  guides ;  slush  or  soap  the  run- 
ners, and  haul  away  on  the  shifting  tackles  to  advance  the  machine 
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the  proper  distance.  Lash  the  heel  of  the  machine  to  the  trestle 
cap.  As  soon  as  the  leads  clear  the  last  cap  the  hammers  may  be 
lowered  into  the  water  to  take  off  their  weight.  When  made  fast  in 
the  new  position,  haul  hammers  to  the  top  of  leads;  hoolc  onto  piles 
with  the  hoisting  tackles  and  swing  them  in  place ;  pass  lashings 
to  hold  them  and  lower  the  hammers  to  rest  on  their  tops.  Hoist 
and  drop  the  hammers  until  the  piles  are  driven  to  the  required 
penetration  or  resistance.  Hoist  the  hammers,  hang  the  saw  frame, 
and  adjust  to  proper  height.  While  sawing  off,  hook  onto  a  cap 
with  hoisting  tackles,  sling  it  horizontally  into  position,  and  onto 
the  piles  as  soon  as  sawed.  Bore  through  the  cap  Into  piles  and 
drive  driftbolts  or  treenails.  Spike  on  the  longitudinal  braces  that 
stay  this  bent  against  the  pull  of  the  shifting  tackles  and  advance 
to  the  next  bent.  Other  bracing  may  be  placed  after  the  pile  driver 
has  passed. 

Above  applies  to  bents  with  two  piles.  For  driving  four-pile  bents 
the  machine  is  shifted  laterally  on  cross  skids  with  tackle  or  with 
handspikes.  When  mules  are  available  they  may  replace  the  men  on 
the  hammer  lines  to  great  advantage. 

71.  The  snpportlns  po-vver  of  piles  is  not  of  paramount  im- 
portance in  military  bridges  of  hasty  or  temporary  character,  since  a 
slight  settlement  is  usally  of  no  especial  consequence. 

It  may  be  said  in  general  that  the  bearing  power  of  piles  will  vary 
from  5  to  70  tons  according  to  the  size  of  the  stick,  its  penetration, 
and  the  character  of  the  soil  into  which  it  is  driven.  A  frictionai 
resistance  per  square  feet  of  the  surface  of  the  pile  in  contact  with  the 
soil  may  have  working  limits  of  200  to  800  pounds.  The  smaller 
Rhould  not  be  exceeded  in  alluvial  and  soft  soil  nor  the  greater  in 
firmer  material  such  as  stiff  clay,  sand  and  gravel,  or  mixecT material. 

If  it  is  necessary  to  insure  against  settlement,  the  following  for- 
mula, known  as  the  "  Bngineering  News  Formula/'  may  be  used : 

2wh 

'8  +  1 
in  which 

L*Bsafe  load  in  pounds. 
w^weight  of  hammer  in  pounds. 

h^^taXl  of  hammer  in  feet  (average  of  last  few  blows). 
£f*apenetration  per  blow  in  inches  (average  of  last  few  blows). 
This  formula  includes  a  factor  of  safety  of  6,  or  is  based  on  the« 
12  tch 
assumption  that  g ^i'  —the  ultimate  supporting  capacity  of  the  pile. 

No  pile  formula  yet  proposed  is  absolutely  reliable.  The  above  is 
one  or  the  latest  and  simplest,  and  probably  among  the  best. 

CRIB  CONSTRUCTION. 

72.  In  dry  situations  the  cribs  are  built  on  the  site  and  no  fasten- 
ings are  required.  The  ground  is  prepared  to  receive  the  bottom 
timbers,  level  and  bearing  firmly  toward  the  ends  and  but  lightly  in 
the  middle.  The  sticics  of  the  next  course  are  laid  across  their  ends, 
noting  that  they  rest  fair  and  do  not  rock.  If  logs  are  used,  the 
ends  are  flattened  sufficiently  to  give  bearing  surfaces.  With  dimen- 
Rlon  timbers  each  piece  which  does  not  lay  fair  must  be  given  a  solid 
bearing  by  shims  or  wedges  before  the  next  ^e  is  put  on.  These 
small  pieces  must  be  fastened  so  that  they  can  not  jar  out.  The 
construction  of  a  dry  crib  Is  shown  in  figure  153. 

The  part  of  a  crib  that  is  to  stand  in  water  must  be  tied  together 
and  adapted  to  form  a  cage  for  the  ballast.  Enough  of  the  ballast 
to  overcome  the  flotation  of  the  wood  should  be  so  confined  that  it 
can  not  escape.  For  the  rest,  It  is  better  to  leave  the  ballast  free 
to  run  out  through  the  floor  of  the  crib  and  fill  any  cavities  in  the 
bottom  which  may  exist  or  be  formed  by  the  scour  of  the  current. 
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A  crib  may  be  given  a  level  bearing  on  a  rough  or  sloping  bottom 
by  holding  it  in  the  desired  position  and  throwing  in  ballast  which 
runs  through. 

A  large  crib  mav  be  made  in  compartments  or  pockets,  the  interior 
ones  floored  to  take  the  sinking  ballast  and  the  others  open  at  the 
bottom  to  allow  ballast  to  run  through  (figs.  154  and  155).  A 
small  crib  made  in  one  pocket  may  have  extra  logs  in  the  second 
course  on  which  a  large  rock  can  be  laid  to  sink  the  crib,  after 
which  smaller  ballast  may  be  thrown  in  around  it  (fig.  166). 

78.  Cribs  are  built  on  shore  usually  on  inclined  ways,  and  when  up 
to  a  sufficient  height  to  form  a  substantial  raft  may  be  launched. 
They  are  built  up  to  a  little  more  than  the  depth  of  the  water  in 
which  they  are  to  stand  and  are  floated  to  their  places.  The  sink- 
ing ballast  is  then  placed  in  the  closed  compartments  or  on  the 
floor  prepared  to  receive  It,  until  the  crib-  is  well  grounded.  By 
means  of  spars  set  at  the  comers  with  tackle  attached,  the  lower 
corners  may  be  raised  until  the  crib  is  level,  and  the  rest  of  the 
ballast  thrown  in. 

The  construction  of  the  aides  of  a  crib  must  be  adapted  to  the 
hallast  to  be  used.  If  large  stones  are  available,  the  full  Interval 
may  be  left  between  sticks  as  described  for  dry  cribs.  If  the  ballast 
is  small,  the  timbers  must  be  gained  together  to  make  the  spaces 
smaller,  and  it  may  even  be  necessary  to  plank  the  sides  of  the 
crib. 

74.  To  resist  the  outward  thrust  of  the  hallast  the  logs  may  project 
in  full  slse  a  foot  or  two  at  each  end,  so  that  each  one  rests  in  a 
notch  cut  in  the  one  below.  A  log  may  be  split  into  quarters  and 
one  of  these  placed  In  each  outside  corner,  nailed  or  panned  to  each 
timber.  For  light  cribs  in  shoal  water  the  projection  may  be  small 
and  a  pole  substituted  for  the  quarter  log.  Both  of  these  methods 
are  shown  in  figures  155  and  156.    For  cribs  of  squared  timbers,  two 

Jlanks  nailed  or  pinned  in  the  outside  corner,   as  shown  In  figure 
57,  are  best. 

75.  On  a  bottom  of  soft  mud  it  ma;'  be  necessary  to  distribute  the 
weight  of  the  pier  over  a  greater  area  than  its  own  bottom.  For 
this  purpose  riprap  stone  is  commonly  used  if  easily  procurable.  A 
quantity  is  thrown  in  on  the  site  of  the  crib  and  allowed  to  find  its 
bed.  When  the  bottom  is  well  covered  and  no  further  settiement 
appears,  the  top  is  roughly  leveled  and  the  pier  sunk  on  top  of  the 
mound. 

If  stone  can  not  be  had,  a  raft  of  logs  may  be  sunk  on  the  bottom 
and  the  pier  built  on  that.  The  logs  should  run  parallel  to  the 
short  side  of  the  crib  or  pier  (figs.  162  and  168). 

76.  A  pier  placed  in  running  water  increases  the  tendency  to 
scour  in  its  vicinity,  and  if  the  bottom  is  erosible  may  be  under- 
mined. To  prevent  this,  a  flexible  construction  of  brush,  called  a 
mattress,  may  be  used.  Its  construction  and  use  are  illustrated  in 
figures  158-161. 

A  grillage  of  poles  is  made  on  the  ground  or  on  skids,  and  at  every 
Intersection  a  stake  is  set  somewhat  longer  than  the  desired  thick- 
ness of  mattress.  A  double  lashing  is  attached  to  the  grillage  at 
each  stake,  brought  to  the  top  of  the  stake^  and  loosely  fastened 
with  plenty  of  end. 

Brush  is  now  laid  on  in  one  or  more  tiers  until  the  desired  thick- 
ness is  obtained.  A  second  grillage  is  laid  on  the  top  with  Its  inter- 
sections at  the  stakes.  The  lashings  are  removed  from  the  stakes, 
passed  around  the  upper  grillage,  and  set  up  with  levers  and  rack 
sticks  (fig.  160).  Such  mattresses  are  usually  built  1  to  2  feet  in 
thickness. 

The  mattress  is  launched  and  floated  to  its  place,  where  it  is  sunk 
en  the  bottom  by  throwing  on  rock  or  other  ballast.  When  In  place 
the  crib  or  pier  is  built  on  top  of  it. 

The  effect  of  a  mattress  is  shown  in  figure  161.  As  the  current 
scours  under  its  outer  edge  the  mattress  bends  downward,  following 
the  bottom  until  the  scour  ceases.  The  mattress  must  be  large 
enough  so  that  this  action  at  the  edges  will  not  disturb  the  middle. 
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LANDING  PIERS. 

77.  The  dispositions  described  for  pile  and  crib  bridges  are  those 
usually  adopted  for  temporary  piers,  wharves,  or  docks  for  loading 
or  discharging  vessels.  The  chief  difference  Is  in  the  provision  made 
against  lateral  thrusts,  which  are  much  greater  than  in  the  case  of 
bridges.  Vessels  warping  and  out  and  even  striking  the  pier, 
which  can  not  be  avoided,  cause  excessive  lateral  strains  which  call 
for  special  features  In  addition  to  much  heavier  construction  through- 
out. 

Lighters  can  l»e  discharged  at  a  properly  constructed  dock  In  con- 
siderable seaway.  Transports  can  also  be  discharged  in  a  mod- 
erate seaway  by  providing  adequate  mooring  devices  at  bow,  stern, 
and  on  the  outside,  so  that  the  vessel  can  be  held  alongside  of  the 
pier,  but  not  touching  it.  Only  in  perfectly  protected  situations  can  a 
large  ship  lie  directly  against  a  pier. 

78.  The  best  n&oorlmr  Is  a  massive  structure  of  piles  driven  close 
together  and  connected  near  their  tops  by  a  cable,  or  by  Ixvlts,  or 
both.  Such  a  construction  Is  often  called  a  dolphin.  It  yields  readily 
to  the  first  Impact  and  develops  resistance  steadily  but  rapidly. 
Figure  164  shows  the  usual  construction,  and  figure  165  the  method 
of  binding  with  wire  rope.  The  end  of  the  rope  Is  stapled  to  a  pile 
and  the  rope  drawn  around  the  dolphin  until  it  bears  on  the  next  one. 
A  strain  Is  then  put  on  with  a  tackle  and  a  staple  or  spike  driven 
In  the  second  pile  and  so  on.  At  least  three  or  four  complete  turns 
should  be  taken.    Wire  rope  Is  best;  chain  next. 

79.  Such  dolphins  require  heavy  plant  for  their  construction.  If 
materials  are  abundant,  a  crib  mooring  may  be  made  with  ordinary 
tools.  The  crib  should  be  square,  with  a  side  not  less  than  the  depth 
of  water  at  low  tide.  It  should  be  exceptionally  well  fastened.  It 
should  be  constructed  with  a  middle  pocket,  to  be  kept  free  from 
ballast  until  the  crib  Is  sunk  and  a  Muster  of  piles  has  been  put 
down  through  the  pocket  and  driven  into  the  bottom  as  far  as  possl- 
ble.  The  tops  of  the  piles  should  be  arranged  like  the  dolphin. 
Ballast,  preferably  of  moderate  size,  will  now  be  thrown  into  the 
middle  pocket  and  packed  closely  around  the  piles  to  support  them. 
Such  a  mooring  is  less  elastic  than  the  dolphin  and  will  be  more 
destructive  of  lines  and  of  fastenings  on  the  ship,  but  It  can  be  made 
when  a  dolphin  of  sufficient  strengUi  can  not. 

80.  Figures  167  to  170  illustrate  points  which  must  receive  especial 
attention  in  building  pile  docks.  These  are  the  arrangement  of  fender 
piles  and  chocks  so  that  vessels  may  ride  up  and  down  against  the 
dock  without  catching,  the  inclined  or  spur  piles  driven  to  resist 
lateral  thrusts,  and  the  arrangement  of  fastenings  on  the  dock  to  take 
heavy  strains. 

FLOATING  BRIDGES. 

81.  Bridges  of  this  class  have  several  disadvantages,  due  to  change 
in  grade  of  roadway  with  change  of  water  level  and  with  change  of 
load,  and  to  their  limited  capacity,  which  can  not  exceed  the  flotation 
of  the  supports.  As  a  rule,  such  bridges  will  be  resorted  to  only 
when  the  materials  for  them  are  plentiful  and  the  materials  for  other 
kinds  scarce. 

This  rule  finds  an  Important  exception  in  the  organized  bridge 
equipage  prepared  in  advance  to  be  carried  with  an  army.  Such  a 
bridge  possesses  a  great  advantage  In  the  paramount  element  of  time, 
since  it  can  be  laid,  crossed  and  taken  up  in  less  time  than  any  other 
form  of  bridge  can  be  built,  and  Its  component  parts  can  be  used  as 
water  transportation  for  several  Important  purposes  which  no  other 
kind  of  bridge  can  subserve. 

82.  The  bridge  equipage  adopted  for  the  United  States  service  is  of 
two  forms,  heavy  and  light.  The  heavy  equipage  is  sufficient  In 
capacity  for  all  requirements  of  an  army  on  the  march  and  is  mobile 
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enough  to  "be  carried  ftt  the  ordinary  rate  of  marching.  In  the  light 
equipage,  capacitv  Is  somewhat  sacrificed  for  the  sake  of  farther 
mobility  to  enable  a  bridge  to  be  carried  with  a  rapidly  moving 
column. 

The  trains  of  the  heayr  equipage  are  composed  of  Biz  pontoon 
divisions  and  one  supply  division. 

The  trains  of  the  light  equipage  are  composed  of  three  pontoon 
divisions.  The  pontoon  section  of  the  engineer  train  of  an  Infantry 
division  contains  two  heavy  pontoon  divisions  and  one-third  of  a 
pontoon  supply  division.  The  pontoon  section  of  the  engineer  train 
of  a  Cavalry  division  contains  three  light  pontoon  divisions. 

The  principal  parts  in  both  forms  of  orldge  are  pontoons  or  boats ; 
the  longitudinal  Dearers  or  stringers  Joining  them,  called  balka;  the 
cross  planks,  called  chess;  and  the  beams  which  hold  the  chess  In 
position,  called  side  rails  (tig.  181). 

83.  In  the  heavv  train  each  division  will  construct  a  bridge  of  11 
bays,  or  225  feet  m  length,  and  is  divided  Into  four  sections,  two  of 
which  are  called  pontoon  sections  and  the  other  two  abutment  sections. 
The  two  abutment  or  end  sections  suflace  for  any  length  of  bridge.  In- 
crease in  length  is  acc<»npllshed  by  adding  one  or  more  ponton  or  in* 
terlor  sections.  The  pontoon  section  is  never  divided,  as  it  can  not  be 
done  without  breaking  wagon  loads.  This  equipage  weighs,  wagons 
Included,  315  pounds  per  foot  of  bridge,  or  without  wagons  169  pounds. 

A  division  of  light  equipage  will  construct  186  feet  of  bridge.  It  is 
not  divided  into  sections,  as  each  pontoon  wagon  carries  the  material 
for  a  complete  bay  and  the  bridge  may  be  lengthened  by  adding  one 
or  more  pontoon  wagons.  This  equipage  weigns,  including  wagons, 
275  pounds  per  foot  of  bridge,  or  without  wagons  128  pounds. 

84.  Heavy  equipage. — A  division  is  loaded  on  16  wagons.  Eight 
of  them  are  called  pontoon  wagons  and  cfLrry  each  a  pontoon,  7  long 
balks,  anchor,  cable,  5  oars,  2  boat  hooks,  20  lashings,  6  rack  sticks, 
2  scoops,  ax,  hatchet,  bucket,  and  20  pounds  spun  yam.  Four  of 
the  wagons  carry  chess  or  floor  planks  only,  60  each,  or  enough 
for  3  bays,  and  are  called  chess  wagons.  Two  wagons  carry  each  a 
complete  trestle,  7  long  balks,  7  trestle  balks,  2  abutment  sills,  and 
2  coils  of  rope.  The  tool  wagon  carries  axes,  shovels,  picks,  tools 
and  materials  for  carpentry,  saddlery,  calking  and  painting,  and 
space  cordage.  The  forge  wagon  carries  a  forge,  smithing  tools,  iron, 
and  other  materials.    Each  wagon  is  drawn  by  6  mules  with  1  driver. 

85.  Supportlnflr  power  of  1>oat8. — The  boats  of  the  heavy  train 
are  of  wood,  of  about  9i  tons  gross  displacement,  and  welj^  1,600 
pounds.  Each  can  carry  40  infantrymen  armed  and  fully  equipped 
besides  Its  crew,  a  total  of  about  9,300  pounds.  This  load  crowds 
the  boat  and  should  be  used  only  in  favorable  conditions.  Thirty 
infantrymen  and  crew  is  normal  load  for  one  boat.  In  rough  water 
or  swift  currents  20  men  and  the  crew  make  a  suitable  load.  The 
ponton  is  cranky,  and  uneven  loading  and  shifting  of  loads  must  be 
avoided. 

The  light  or  canvas  ponton  is  of  7}  tons  gross  displacement  and 
weighs  580  pounds.  Its  normal  load  is  20  men  ana  crew,  which 
should  be  reduced  for  unfavorable  conditions. 

86.  The  «appoFtlnAr  power  of  the  bridflre  Is  determined  by  that 
of  the  roadway,  purposely  made  less  than  that  of  the  pontons.  With 
a  factor  of  safety  of  4,  the  safe  uniform  load  of  the  standard  heavy 
bridge  of  5  balks  is  9,500  pounds  on  the  14  feet  4  inches  between  the 
supports,  or  660  pounds  per  linear  foot.  This  is  more  than  the 
weight  of  infantry  armed  and  equipped  in  column  of  fours,  but  less 
than  the  weight  of  such  a  colunm  if  crowded  by  a  check.  The  cor- 
responding concentrated  center  load  is  4,750  pounds,  which  la  about 
that  on  on^  axle  of  a  wagon  of  5  tons  gross  weight.  It  is  more  than 
the  field  gun  and  carriage  and  1,675  pounds  less  than  the  siege  gun. 
Each  additional  balk  above  5  adds  165  pounds  per  foot  to  the  safe 
uniform  load,  or  1,280  pounds  to  safe  concentrated  load.  Seven  balks 
will  carry  the  siege  gun  with  a  factor  of  safety  of  nearly  4. 
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Bridge  with  10  feet  4  inicbes  clear  spans  (Id  feet  c.  to  c.  of  boats) 
requires  4  feet  of  tbe  set  of  balks  in  each  bay  to  overhang  beyond  the 
gunwale  of  one  boat.  Improvised  means  must  be  adopted  to  secure 
the  boat  in  place  in  the  bridge  when  the  balks  overhang. 

To  provide  a  bridge  with  clear  spans  of  10  feet  4  inches  per  bay 
of  the  same  length  as  one  built  with  normal  interval,  the  material 
used  for  the  latter  must  be  increased  by  three  ponton  wagons  and 
one  chess  wagon  or  equivalent.  To  provide  a  bridge  with  clear  spans 
of  7  feet  per  bay  having  the  same  length  as  the  one  built  with  normal 
intervals,  the  material  used  for  the  latter  must  be  increased  by  seven 
ponton  wagons  and  two  chess  wagons  or  equivalent. 

Table  XXV. 

CAPACITY  LIGHT  EQUIPAGE  BRIDGE. 


4-mule  Army  wagon. . 
6>mule  Army  wagon. . 

3-inch  gun 

34nch  caisson 

4.7-inch  gun 

64nch  howitzer 

7.6-iiich  howitzer 

9.5-inch  howitzer 

12-inch  howitzer 

U-ton  truck  (loaded) . 

Packard  (empty) 

3-ton  truck  (loaded) . . 
Peerless  (empty) 


Normal  inter- 

val  haSk  per 

bay  (clear  span, 

10  feet  2  inches). 


X 
X 
X 
X 


X 


X 
X 
X 
X 
X 
X 


X 

X 


X 


The  bridge  of  light  equipage  with  normal  interval  will  carry  the 
maximum  load  allowed  on  the  canvas  boat.  Therefore  the  bridge 
capacitv  Is  not  increased  by  reducing  intervals. 

The  loads  of  the  12-inch  howitzer  and  the  75-horsepower  caterpillar 
tractor  are  greater  than  the  net  buoyancy  of  either  the  canvas  boat  of 
the  light  equipage  or  the  wooden  boat  of  the  heavy  equipage.  There- 
fore no  bridge  can  be  built  of  the  ponton  equipage  to  pass  them  with- 
out means  of  increasing  the  buoyancy  of  the  boats.  The  load  of  the 
45-horsepower  caterpillar  tractor  is  so  close  to  the  net  buoyancy  of  the 
wooden  boat  of  the  heavy  equipage  that  under  ordinary  conditions  it 
is  inadvisable  to  attempt  to  pass  it  over  any  bridge  of  light  or  heavy 
equipage.  In  an  emergency  under  very  favorable  conditions  it  might 
be  possible  to  pass  this  load  over  an  11-balk  bridge  of  heavy  equipage 
wltn  clear  span  of  7  feet,  but  the  Engineer  officer  in  charge  is  respon- 
sible and  should  carefully  investigate  all  conditions  and  estimate 
effects  before  deciding  to  authorize  its  passage. 

As  the  equipage  of  a  ponton  division  (heavy  or  light)  provide  only 
sufficient  number  of  balks  to  construct  a  bridge  of  five  balks  per  bay, 
when  all  the  supports  (boats,  and  trestles)  are;  used,  additional  balks 
must  be  obtained  to  construct  a  bridge  having  more  than  five  balks 
per  bay ;  or  the  number  of  bays  possible  of  construction  will  be  re- 
duced to  an  extent  necessary  to  provide  additional  balks. 
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In  passing  the  heavy  loads  such  as  the  howitzers  (6-lnch  or  larger) 
or  the  loaded  motor  tracks  officers  in  charspe  of  bridges  should  care- 
fully investigate  the  span  of  the  chess  as  they  lie  upon  the  balks,  to 
provide  that  the  spans  where  the  wheels  of  the  vehicles  track  snail 
not  be  too  great  to  support  the  load  to  be  carried.  Laying  longitudi- 
nal plank  to  form  wheel  tracks,  each  track  made  up  of  three  rows  of 
plank  approximately  2  by  10  inches,  will  be  found  useful  in  distribut- 
ing the  load  and  will  save  wear  on  chess. 

In  passing  heavy  loads  an  interval  of  two  bays  between  successive 
loads  mav  be  found  advisable' so  that  when  a  load  is  over  any  boat 
part  of  the  load  may  be  transmitted  to  adjacent  boats. 

All  motor  vehicles  except  passenger  vehicles  should  be  required  to 
cross  the  bridge  at  less  than  4  miles  per  hour,  unless  experience  in  a 
particular  case  Indicates  a  higher  rate  of  travel  practicable  and  the 
situation  requires  the  increased  speed. 

There  will  occur  cases  when  the  Engineer  officer  in  charge  of  a 
ponton  bridge  could  permit  some  of  the  loads  to  cross  his  bridge 
which  are  represented  in  the  table  as  not  safe  to  carry.  The  con- 
dition should  be  very  favorable,  and  the  Engineer  officer  in  reaching 
a  decision  must  assume  responsibility.  For  example,  the  table  does 
not  indicate  that  the  empty  3-ton  truck  can  be  safely  carried  over  a 
five-balk  bridge  of  heavy  equipage  built  with  normal  intervals,  yet  the 
empty  3-ton  truck  was  safely  passed  over  a  bridge  of  this  type  at 
Eagle  Pass,  Tex.,  in  1916. 

88.  Displacement  of  ponton  boats. — ^The  following  displace- 
ment tables  of  heavy  and  light  boats  of  the  ponton  equipage  will  be 
found  useful  in  estimating  the  effect  on  boats  in  a  bridge  of  known 
loads  passing  over  a  bridge : 

Table  XXVI. 

DISPLACEMENT  OF  HEAVY  PONTON  BOAT. 


Draft. 

Water  dis- 
placed. 

Draft. 

Water  dis- 
placed. 

iTichea. 

Pounds. 

Inches. 

Pounds. 

1 

350 

17 

9,475 

2 

675 

18 

10,125 

3 

1,025 

19 

10,800 

4 

1,500 

20 

11,500 

5 

1,975 

21 

12,250 

6 

2,500 

22 

13,000 

7 

3,025 

23 

13,750 

8 

3,600 

24 

14,650 

9 

4,200 

25 

15,350 

10 

4,850 

26 

16,150 

11 

5,500 

27 

16,950 

12 

6,150 

28 

17,750 

13* 

6,825 

29 

18,625 

14 

7,500 

30 

19,500 

15 

8,150 

31 

20,400 

16 

8,825 

32 

21,280 

Pounds. 

Weight  of  pontoon  boat  (approximately) 1,600 

Dead  weight  of  bridge  (normal  interval  5  balks  per  bay)  on 

1  boat  (approximately) •- 1,  900 

Diaplacement  of  boat  la  bridge 3,  500 

vailable  buoyancy  of  a  boat    (allowing  4   inches  free- 

1)  (approximately) 14,250 
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DISPLACEMENT  OP  LIGHT  (CANVAS)  BOAT. 


Draft. 

Water 

displaced. 

Draft. 

Water 
displaced. 

Inches. 

2 

4 

6 

8 

10 

12 

14 

Pounds, 
1,025 
2,050 
3,100 
4.150 
5,200 
6,300 
7,375 

Inches. 
16 
18 
20 
22 
24 
26 
28 

Pounds. 
8,475 
9,600 
10,725 
11,850 
13.025 
14,200 
15,350 

Poands. 

Weight  of  pontoon  boat  (approximately) 580 

Dead  weight  of  bridge  (normal  interyal  5  balks  per  bay)  on 

1   boat    (approximately) , » ^ 1,150 

Displacement  of  boat  In  bridge 2,  730 

Net  available  buoyancy  of  a  boat  (allowing  4  inches  of  free- 
board   (approximately) - — ^ 10,295 

Experience  on  the  Mexican  border  In  1916  indicated  that  the  4.7- 
Inch  gun  crossing  a  normal  interval  light  equipage  bridge  having 
7  balks  per  bay  displaced  the  canvas  boats  12  inches;  that  the  Ih- 
ton  truck  loaded  or  the  3-ton  truck  empty  would  displace  the  boats 
9  inches  in  a  normal  interval  heavy  equipage  bridge  having  5 
balks  per  day. 

Tablb  XXVIII. 

89.  NameM  and  dimensions  of  the  principal  pairt«  of  the  Ugrlkt 
and    I&ea.T'y  tifalnsi 


Name  of  part. 


Pontoon  9 J  tons 

Canvas  pontons,  6  tons . 


Balks  and  ^de  rails. 
Trestle  balks 


Chess 

Abutment  sills 

Trestle  caps,  2 planks,  each. 

Trestle  legs 

Trestle  shoe 

Suspension  chains 

Paodles 

Oars 

Boat  books 

Rack  sticks 


Anchor 

Anchor  cable . 

Lashings 


Canvas-pontoon  cover . 
Pontoon  chest 


Ll^t  train. 


Heavy  train. 


21  feet  by  5  feet  4  inches 
by  2  feet  4  inches. 

22  feet  by  4|  by  4^  inches . 


11  feet  by  12  by  IJ  Inches, 


8  feet. 


8  feet,  blunted  points 

li  inches  diameter,  2  feet 

long. 

75  pounds 

3  indies  circumference, 

180  feet  long. 
1  inch  circuimerence,  18 

feet  long. 
No.  0000  oottob  duck. . . . 
6  feet  long,  2  f^et  4  inches 

wide,  18  inches  deep. 


31  feet  by  5  feet  8  inches 
by  2  feet  7  inches. 


27  feet  by  5  by  5  inches. 
21  feet  8  inches  by  5  by  5 
inches. 

13  feet  by  12  by  1|  Inches. 

14  feet  by  8  by  6  mches. 
20  feet  by  12  by  2  inches. 

15  feet  by  7  by  SJ  inches. 

I  inch  by  8  feet. 

18  feet. 
10  feet. 
li  inches  diameter,  2  feet 

long. 
150  pounds. 
3  inches  circumferenee, 

240  feet  long. 
1  Tti(^  oirouinferenoe,  18 

feet  long. 
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Tablb  XXIX. 
UO,  W^imhtm  of  wasoBs  and  their 


Li^t  tram.  Hmtt 


Kind  of  wagon. 


Wagon.   Load.     TotaL  Wagon    TMaL    To«£L 


Ponton. 


Pmtnds.'Pomnig.  Poundg,  Pammig.Pmmdi.  Bovitdt. 


I 


Trartlo 

Too! 

Battery  a&d  false. 


1,750 
1,750 
1,750 
1,700 
2,081 


1,985 
1,856 
2,OG0 
1,338 

eoo  I  2;eBi  I  s,0Bi  -     an  .    2,6&i 


3,735  2,200  2,900  o.lOO 

3,606  I  1,750  1,2S0  4.030 

3,810  2,200  2,635  4,S33 

3,638  1,700  2,100  3.900 


dl.  Bo«t  bpf dflre«« — ^When  it  becomes  necessarj  to  use  boats  found 
on  tbe  stream  or  elsewhere,  select  those  as  nearlj  of  one  size  as  pos- 
sfhlcL  Of  these,  use  the  largest  for  the  shore  ends  and  for  the  swift- 
est currents.  Estimate  their  sopporting  power  rooghlj  by  comparing 
th^r  size  with  the  ponton  boat,  heavy  or  li^t.  or  compnte  as  in  para- 
srapfa  93.  Support  the  balks  on  saddle  sills  and  transoms  blocked  up 
from  the  frames  of  the  boata  If  boats  dUTertnc?  Tery  much  In  dis- 
placement are  used,  make  the  bays  supported  by  the  small  boats 
shorter  than  those  supported  by  the  larger  ones.  AtoM  getting  a  Tery 
large  and  a  very  small  boat  adjacent.  The  floor  system  may  be  de- 
signed as  in  paragraph  60  for  spar  bridge.  With  aeow-bvilt  barges, 
which  will  usually  have  excess  of  supporting  power,  a  aerriceable 
bridge  is  readily  built.  If  the  boats  are  large  and  well  decked,  they 
may  be  placed  endwise  In  the  bridge,  aepaiatod  by  20  feet  or  more,  the 
interrals  spanned  by  bays  of  roadway  and  the  decks  used  for  road- 
way on  the  boats  thanselvesw  With  boats  of  dilfeient  riiapes  and 
sixes,  such  a  bridge  should  be  attempted  with  great  cantton,  and  only 
under  exceptional  circumstances. 

9^  Barrel  piers. — When  barrels  are  ayailable.  floating  piers  can 
Ne*  made  by  asst^mbling  a  sufficient  number  of  them  by  means  of  tim- 
bers or  lashings,  or  both  combined.  An  ordbiaiy  50-galIon  barrel  has 
a  buovancT  or  about  400  pounds  when  completely  submei^ied ;  those 
v*t  othW  sites  in  proportion  to  their  capacity.  The  supporting  power 
o^  any  bariW  or  keg  can  be  determined  with  sufllcient  accuracy  by 
wt^t^ftuu^  it  when  f\ill  of  water  and  again  when  onpty ;  the  difference 
will  be  tht^  sup|K»rting  power. 

rh^  number  of  l^rrels  required  for  a  pier  is  obtained  by  dividing 
th^  tx^tHt  U^d  to  be  borne  by  the  supporting  power  of  one  barrel.  A 
Uk^^riflu  ot  1H>  or  25  per  cent  should  be  allowed,  as  the  barrels  of  a 
|»to\   wuwi  Mot  tH^  completely  submerged.  .  ,.  ^^    ^ 

U\  ^^nwluu  tbo  piers  the  barr^^ls  are  laid  out  In  line  with  the  bungs 
uul^vlu\%i»»t^  Tb*^  gunwale  timbers  are  placed  over  and  the  rope  slings 
ju^vv  the  «^tuK  the  iUiug$  secured  to  the  gunwales  at  each  end  of  the 
'  u<\  HotwtH^i  e«oh  pair  of  barrels  on  each  side  a  brace  Is  secured  to 
I  he  *H«»s  ttu^i  thou  1^  around  the  gunwale  on  its  own  side,  round  the 
v^^iv^xitt^  IvTHiV  »\H>e  and  back  again  to  its  own  gunwale,  where  it  is 
i»I<JvU^  t««t  irtw*.  t  »l,  17i,  and  17S».  Care  must  be  taken  in  launching 
^\^  A\x^ul  UOurtwu  the  ropes  by  chafing  on  the  ground. 

^^^u^  i^tt*  *»  fwmed  may  be  united  into  larger  ones  as  indicated  in 

^\\Tu\t\litth^  is  available  the  best  method  of  forming  a  barrel  pier 
(«  t\\  u»hKo  <^u  inwrte^l  N>x  crib  of  lumber  or  timbers  nailed,  bolted,  or 
'•iJ\oa  i»^»jtU»t*r  U  ibo  orib  is  as  strong  as  it  should  be,  it  may  be 
.«:"•...»  Vxxov  the  KHtri-U  which  will  require  no  other  fastenings. 
(t\  ]iho\>«  tbtsK  method. 
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^^   MAtt  ptera. — Rafts  of  timber  may  be  used  for  floating  piers 

*•>•  .y  ,'->.<«r  materials  are  not  at  hand.     They  are  durable  if  not  dla- 

•'  'Hn^  a-,!  ^nK'ure  against  being  sunk  by  hostile  Are.     Their  defects 

i  ~      ^i^-iukU  and  decreasing  buoyancy,  great  weight,  and  bulk  (fig^.  176 

V^v  >\:.^yancy  of  each  stick  used  may  be  obtained  from  the  following 
-'  '  r  Tst  the  girth  or  circumference  at  middle  point  In  feet,  multl- 
•>:     -  r>  Itself,  multiply  this  product  by  the  factor  0.08,  and  multiply 

♦  ..-*  T  >\  the  length  of  the  stick  in  feet.  The  result  will  be  the  vol- 
•".'  x-^  the  stick  in  cubic  feet,  which,  multiplied  by  the  difference 
■*^-  *  ^  u  <v2j  and  the  weight  of  a  cubic  foot  of  the  timber,  gives  the 
V  .^  N*  ;;»\j!:  |H>wer  in  pounds  when  fully  submerged. 

^  xiftiMiklei  Find  the  net  buoyancy  of  a  pine  log  with  a  middle 
i'  '^  of  t»  fwt  and  a  length  of  35  feet,  and  which  weighs  40  pounds 
v/   ;^o  etthlo  foot 

J  x^:«me  In  cubic  feet=:6X6X 0.08X35=100.80  cubic  feet. 

Ux'„\xHUcy— 100.80 X  (62i— 40)  =2,268  pounds. 

Vv 'owing  five-sixths  of  this  as  available  buoyancy,  a  bridge  of  7 
^  >  ^  Uv^j^n  In  each  pier,  with  20-foot  bays,  will  carry  the  maximum 
^.*^<5\try  loads  calculated  in  paragraph  85  for  the  heavy  bridge. 

^^4  ronatnictlon  of  the  rafts  is  done  in  the  water  if  possible. 
\  «^*iuv  the  logs  side  by  side  to  form  a  point  upstream  (fig.  177). 
^/^o  upstream  ends  should  be  beveled  on  the  lower  side   (fig.    176>. 

*  *^  ^  K*s«  are  held  together  by  cross  timbers  pinned  or  spiked  over  the 
u%»?t  AVhere  the  logs  are  of  small  size  additional  sticks  may  be  placed 
n^  J  he  Intervals  between  the  others,  or  two  or  more  courses  may  be 
^'^U  up,  the  logs  of  each  layer  at  tight  angles  to  those  below.  The 
'•AUer  method  has  been  found  advantageous  in  constructing  rafts  of 
^mlHH>. 

^^«  Anchorage  of  floatlnjir  brldgreM. — ^The  anchorage  ef  the 
iMei^  of  a  floating  bridge  is  of  the  greatest  importance.  The  piers 
*^v»uUl  be  so  constructed  and  placed  as  to  present  the  least  obstruction 
^>.^  the  current.  In  nontidal  streams  all  the  bows  are  placed  up- 
»U>H\iu ;  in  tidal  estuaries  they  should  alternate  up  and  down  stream. 

Vho  piers  near  the  shore  should  be  secured  bv  strong  cables  to 
^H'ka.  trees,  or  deadmen  on  the  shore  above  and  below. 

^*\>r  the  heavy  and  light  bridge  equipage  the  anchors  provided  are 
»uttlelent,  and  in  moderate  currents  it  will  answer  to  anchor  alternate 
^^tii  upstream  and  every  fourth  one  downstream;  the  downstream 
(ftuehurs  always  on  boats  which  have  upstream  anchors  also.  In 
'jwUt  currents  it  may  be  necessary  to  anchor  every  boat  upstream. 
Kvtm  in  slack  water  every  second  or  third  boat  should  be  anchored 
W^th  up  and  down  stream  to  reduce  oscillation. 

Kor  any  other  kind  of  floating  bridge  every  pier  must  be  securely 
^uohored.  Ordinary  anchors  can  be  relied  upon  in  good  holding 
)tir\>und  only ;  when  it  is  poor  or  the  current  unusually  swift  two 
Jhrhors  may  be  used,  one  backing  up  the  other  (fig.  180).  Or  the 
tv»IU)Wing  devices  may  be  used : 

A  line  of  schooners  or  large  barges  may  be  anchored  above  the 
hrldgo  and  the  piers  moored  to  them ;  or, 

A  hawser  may  be  stretched  across  the  stream,  buoyed  on  Inter- 
wu»dlRte  floats  if  necessary,  and  the  anchor  cables  carried  to  it ;  or, 

hong  guys  may  be  carried  direct  from  each  pier  to  the  shore  and 
•eourod  as  before  indicated. 

The  length  of  cable  "between  anchor  and  pier  should  be  at  least  ten 
Umea  the  depth  of  the  stream.  Otherwise  the  anchor  is  likely  to  drag 
Hiul  a  downward  pull  is  brought  on  the  upstream  end  of  the  pier.  The 
Hiichur  must  be  cast  as  nearly  as  possible  directly  upstream  from  the 
poHltton  which  the  pier  is  to  occupy,  so  that  the  pier  in  the  bridge 
will  have  the  same  position  that  it  would  assume  If  riding  at  anchor. 

Improvised  anchors  may  be  made  of  any  heavy  materials  on  hand. 
»i«  railway  iron,  pieces  of  machinery,  or  large  stones.  Such  anchors 
uiUHf  be  of  considerable  weight,  as  dependence  is  placed  on  their 
uuiHS  rather  than  their  attachments  to  the  bottom. 
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96.  Construction  of  floating  bridves. — The  regular  bridge 
equipage  is  designed  for  unloading,  construction,  removal,  and  re- 
loading In  the  shortest  possible  time,  and  its  systematic  drill  is  given 
In  Ponton  Manual — Professional  Papers  No.  33,  Corps  of  Engineers, 
1016.  This  elaborate  drill  is  necessary  only  for  troops  handling  the 
equipage  habitually.  The  descriptions  given  of  the  methods  of  con- 
struction recommended  involve  the  principles  of  the  Ponton  Manual 
and  are  illustrated  for  the  heavy  equipage  but  are  adapted  in  language 
to  all  kinds  of  floating  bridges,  the  ponton  equipage  being  here  con- 
sidered simply  as  one  kind  of  bridge  of  that  class.  The  method  se- 
lected will  depend  upon  the  character  of  the  stream,  the  kind  and 
location  of  materials,  the  force  available,  and  the  proximity  of  the 
enemy.  It  may  be  desirable  to  combine  two  or  more  of  the  methods 
described. 

A  tug  or  power  launch  Is  of  the  greatest  assistance  and  no  effort 
should  be  spared  to  obtain  one. 

The  four  methods  available  are:  (1)  By  successive  bays,  (2)  by 
parts,  (3)  by  rafts,   (4)  by  conversion. 

97.  Bv  successive  pontoons  (fig.  181). — In  a  trench  1  foot  deep  and 
wide  lay  the  abutment  sill  horizontal  and  at  right  angles  to  the  axis 
of  the  bridge.  Secure  it  by  four  large  pickets,  two  in  front  and  two  in 
rear,  near  the  ends.  A  support  or  pier,  be  it  boat,  barrels,  or  raft,  is 
brought  close  to  the  bank  opposite  the  abutment  sill.  The  free  ends 
of  cables,  previously  fastened  on  the  bank  30  or  more  paces  above 
and  below,  are  passed  onto  the  pier.  A  set  of  balks  are  Drought  up, 
the  outer  ends  placed  on  the  saddle  sill  of  the  pier  and  lightly  secured. 
The  pier  is  pusoed  off  until  the  inner  ends  of  the  balks  can  be  placed 
on  tne  abutment  sill,  when  all  fastenings  are  completed.  The  floor 
Is  then  laid  on  the  balks  placed  and  the  second  pier  Is  brought  along- 
side of  the  flrst,  its  anchor  having  been  previously  cast.  A  second 
set  of  balks  are  brought  up  and  tne  operation  is  repeated  until  the 
other  shore  is  reached,  where  an  abutment  sill  is  laid  as  before  de- 
scribed and  the  shore  bay  completed.  Unless  the  supports  are  man- 
ageable boats,  all  anchors  should  be  dropped  from  a  special  boat  and 
the  cables  passed  onto  the  piers. 

98.  By  parts  (flg.  182). — For  long  bridges  the  method  by  succes- 
sive pontoon  bays  requires  materials  to  be  transported  considerable 
distances.  These  may  be  reduced  by  constructing  the  bridge  in  parts 
along  the  shore  above.  Each  part  may  conveniently  consist  of  three 
bays.  To  construct  the  parts  a  pier  Is  moored  close  to  the  shore  and 
gangways  are  temporarily  laid  to  it  from  the  bank.  The  other  two 
piers  are  brought  up  outside  the  flrst  and  two  bays  are  constructed 
successively,  as  above  described,  except  that  the  outer  bay  Is  con- 
structed flrst  and  shoved  out  into  the  stream  by  the  balks  of  the  inner 
bay.  Enough  of  the  floor  is  omitted  from  each  end  of  the  part  to 
permit  fastenings  to  be  made.  The  materials  for  the  floor  of  one  bay 
are  loaded  on  the  part  thus  formed,  which  is  then  pushed  off  and  con- 
ducted to  the  line  of  upstream  anchors,  where  it  casts  its  anchors  and 
drops  down  to  its  place  in  the  bridge.  If  not  easily  manageable,  tbe 
part  may  be  swung  out  Into  the  stream  on  an  anchor  previously  laid. 

An  abutment  will  have  been  formed  and  one  or  more  floating  bays 
constructed  during  the  construction  of  the  part,  a  few  planks  being 
omitted  from  the  outer  end.  The  first  part  is  brought  Into  position 
opposite  the  shore  end  and  connected  to  it  by  constructing  one  bay  of 
roadway  from  the  material  loaded  on  the  part.  The  other  parts  are 
joined  in  the  same  way  until  the  opposite  shore  Is  reached,  when  an 
abutment  bay  is  formed,  as  before  described. 

99.  By  rafts  (flg.  183). — Rafts  differ  from  parts  only  in  having  the 
roadwav  completedf.  Rafts  are  assembled  in  tne  bridge  with  the  outer 
piers  of  adjacent  rafts  in  contact.  The  roadway  is  made  continuous 
by  connecting  or  false  balks  laid  on  top  of  the  floor  over  the  outer 
balks  and  connected  to  them  to  form  a  snlice.  For  the  heavy  train, 
devices  called  rack  collars  are  provided  for  clamping  the  false  balks 
(flg.  184). 
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This  method  is  not  often  employed,  as  it  requires  more  piers  for 
tb«  Name.  length  of  bridge  and  distributes  the  support  unequally, 
tbrowlDg  the  roadway  into  humps  wben  loaded. 

100.  By  conversion. — The  position  of  the  bridge  haying  been  de- 
termined, ^he  width  of  the  stream  is  accurately  measured  and  a 
(Riftable  place  at  some  distance  aboye  the  abutment  is  selected  for 
tb«  constniction  of  the  bridge.  This  place  may  be  at  a  cbnsiderable 
dtotance  from  that  which  tne  bridge  is  to  occupy;  it  is  frequently 
on  some  tributary  of  the  stream  to  be  bridged,  out  of  sight  of  the 
enemy't  shore. 

The  bridge  is  constructed  parallel  to  the  shore.  Side  rails  are 
Uabed  on  all  except  the  extreme  bays.  Material  is  placed  on  the 
npstream  end  of  bridge  to  make  connection  with  the  far  shore  when 
bridge  is  in  final  position.  The  bridge  is  then  allowed  to  float  down 
nntll  the  downstream  ponton  is  within  15  yards  of  the  near  abut- 
ment and  is  made  fast  to  the  shore. 

The  material  for  the  near  abutment  and  bay  is  brought  down  in  a 
ponton. 

The  upstream  end  of  the  bridge  is  then  shoved  off  and  the  bridge 
pivoted  on  its  downstream  end,  which  is  not  permitted  to  ground. 
'  The  progress  of  the  bridge  is  checked  Just  aboTe  the  line  of  the 
abutments  and  it  is  slowly  eased  down  to  its  final  position.  The 
downatream  anchors  are  cast  from  separate  pontons,  as  in  the  bridge 
by  parts.  The  far  abutment  is  then  constructed  and  the  shore  bays 
are  laid. 

101.  Comparison  of  the  four  method*. — The  method  of  con- 
struction by  auccetsive  pontons  possesses  the  advantages  over  the 
others  of  being  applicable  to  all  streams,  whatever  may  be  their 
velocity,  and  of  requiring  the  minimum  quantity  of  equipage,  the 
fewest  pontoniers,  and  the  shortest  time  for  its  construction.  How- 
ever, the  labor  of  constructing  a  bridge  by  this  method  increases 
rapidly  with  the  number  oi  bavs.  Thus  Che  balk  and  chess  carriers 
in  constructing  a  bridge  of  40  bays  are  obliged  to  walk  6S  miles;  in 
one  of  50  bays,  nearly  10ft  miles;  of  60  bays,  14S  miles;  and  of 
100  baysv  40  miles.  • 

The  method  by  parts  ordinarilv  is  used  in  connection  with  the 
method  by  successive  pontons.  When  the  bridge  is  to  be  more  than 
40  bays  in  length  these  methods  are  combined  as  follows :  The  bridge 
is  begun  at  botn  ends,  if  possible,  by  successive  pontons  and  is  pushed 
on  rapidly  toward  the  middle  of  the  stream.  The  two  portions  thus 
formed  are  connected  by  parts  which  are  constructed  in  the  mean- 
while along  the  river  bank  above  the  bridge. 

The  method  by  rafts  is  employed  when  the  passage  of  a  river  Is  to 
be  forced,  and  when  the  rafts  can  be  constructed  unobserved  by  the 
enemy,  in  which  case  the  pontoniers  will  be  exposed  to  fire  but  a 
short  time ;  that  is,  while  the  rafts  are  floating  into  position  and  being 
connected.  In  order  that  this  method  of  construction  should  be 
soccessful,  the  current  must  be  moderate,  and  there  must  be  at  a 
reasonable  distance  above  the  bridge  positions  where  the  rafts  can 
be  constructed  undisturbed  by  the  enemy.  Such  positions  would  be 
afforded  by  islands  or  tributaries  in  our  possession.  This  method  is 
also  employed  when  the  bridge  is  liable  to  injury  from  floating  bodies, 
as  the  portion  threatened  can  be  readily  disconnected,  dropped  oot 
of  the  bridge,  and  restored  to  its  place  when  the  danger  is  past.  It 
may  be  used  by  an  army  hard  pressed  in  retreat,  as  oe  rafts  on  the 
enemy's  side  of  the  river  may  be  disconnected  and  moved  to  a  place 
of  safety. 

The  conHruction  by  conversian  is  a  still  more  dUBcolt  operation. 
To  Insure  success  the  current  must  be  moderate,  the  holding  nroand 
good,  and  the  pontoniers  skillful,  intelligent,  and  cool.  The  awkward- 
nesB  of  a  single  man,  the  dragging  of  an  anchor,  or  the  parting  of  a 
cable  may  cause  the  failure  of  the  entire  operation.  The  opportuni- 
ties for  employing  this  method  successfully  will  be  exeoodingly  rare. 
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1#2.  Draw  spans  in  floaUng  bridges  (fig.  185). — To  form  a  .draw 
a  raft  is  Introduced  into  the  bridge  over  the  channel  of  nayigation. 
The  attachments  of  the  false  balks  are  adapted  to  convenient  re- 
moval and  replacement.  To  open  the  draw  the  raft  is  disconnected 
from  the  bridge,  the  upstream  cables  slacked  off»  the  raft  dropped 
out  of  the  opening,  made  fast  at  one  end  to  the  bridge  and  allowed  to 
swing  around.  If  the  current  does  not  suflElce,  the  raft  must  be 
moved  by  hauling  on  the  down-stream  cables  and  on  a  swinging  cable 
laid  for  the  purpose.  A  wide  draw  in  a  strong  current  may  be  made 
of  two  rafts,  one  swinging  on  each  end  of  the  oridge. 

The  draw  is  closed  by  hauling  the  raft  around  until  parallel  to 
the  bridge  and  Just  below  it,  and  then  hauling  it  into  the  gap. 

103.  uare  must  he  taken  to  provide  a  free  hinging  motion  oetween 
abutment  or  trestle  bays  and  those  next  to  them.  In  case  of  a 
staunch  boat  with  straight  sides,  the  balks  may  join  on  one  gunwale, 
one  set  only  extending  across.  The  hinge  should  be  on  the  side 
toward  the  abutment  or  trestle  (fig.  186).  A  saddle  sill  on  the  first 
pier  to  receive  the  balks  will  answer  (figs.  187,  189).  In  fact,  with, 
the  exception  of  the  heavy  bridge  train,  balks  will  usually  be  sup- 
ported on  saddle  sills. 

The  abutment  sill  should  be  placed  as  low  as  possible  without 
danger  of  being  washed  out.  The  abutment  bay  will  usually  be 
nearly  horizontal  when  the  bridge  is  light  When  the  bottom  is  of 
mud  or  sand,  and  shoals  gradually,  the  sill  may  be  placed  about  2 
feet  above  high-water  mark,  and  the  part  of  the  bridge  near  the 
shore  built  at  high  water  by  successive  bays.  As  the  water  falls, 
the  piers  ground  successively,  forming  a  gentle  ramp  from  the  abut- 
ment to  the  floating  part  of  the  bridge.  -  Ordinary  boats  can  not  be 
so  used,  as  they  will  not  support  the  weight  when  grounded.  If  the 
banks  are  high,  ramps  must  be  dug,  reaching  the  proper  level  for 
the  abutment  sill,  and  long  enough  to  give  a  pracacable  slope  for 
the  traffic  using  the  bridge  (fig.  189). 

A  bridge  may  be  laid  witn  extended  intervals  to  cover  a  greater 
length  by  placing  the  balks  as  in  figure  188.  Proper  allowance  must 
be  made  in  loading. 

104.  Figures  190,  191,  192,  and  193  illustrate  the  assembling  and 
placing  of  the  Birtigo  trestle,  which  forms  part  of  the  ponton-bridge 
equipage.  Two  methods  are  shown,  one  by  means  of  a  raft  of  two 
boAU,  and  the  other  by  a  single  boat.  In  either  method  the  trestle 
assembled  and  in  a  vertical  position  is  bcought  up  to  the  end  of  the 
bridge,  the  trestle  balks  placed  on  the  cap  and  lashed,  and  the  boat 
or  raft  then  pushed  out  until  the  inner  ends  of  the  balks  fall  in  place. 
The  trestle  legs  are  then  let  go,  and  when  the  shoes  are  on  the 
bottom  the  false  legs  are  set  and  the  boat  or  raft  removed.  The 
Birago  trestle  Is  no  longer  furnished  with  modem  ponton  equipage. 
A  new  type  of  trestle  has  been  adopted  differing  from  the  Birago 
trestle  mainly  in  the  manner  of  supporting  the  cap.  It  consists  of 
a  cap  with  pins,  two  legs  with  shoes  and  keys,  and  two  wedges. 
The  legs  are  inclined,  to  give  lateral  stability.  The  cap  is  adjusted 
by  m3an8  of  two  cap  levers,  one  of  which  is  carried  on  each  trestle 
wagon. 

The  new  trestle  is  illustrated  on  page  62,  Ponton  Manual,  1915. 

105.  Bxamplea  of  calculations  for  floating  bridges : 

To  find  length  of  bay :  Piers  of  flat-bottomed  boats  with  vertical 
Bides,  5  feet  wide,  3  feet  deep,  allowed  immersion  2 J  feet.  Mean 
lengib  of  part  immersed,  16  feet.  Weight  of  boata^i^OOO  pounds* 
Dead  load,  80  pounds  per  linear  foot;  live  load,  560  pounds  per 
linear  foot. 

Maximum  displacement,  16  by  5  by  21  feet-»200  cubic  feet. 

Wei^t  of  water  displaced,  12,500  pounds. 

Weight  of  boat  deducted,  1,000  pounds. 

ATallable  buoyancy  of  one  boat,  11,500  pounds. 

^^     ....  11530        ^«  ^    ^ 

Maximum  length  of  bay—  5^  j.  go  —18  feet  nearly. 
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To  find  capacity  of  bridge  with  barrel  piers :  Pier  of  70  barrels, 
buoyancy  per  barrel,  112i  pounds ;  length  of  bay,  10  feet ;  dead  load, 
105  pounds  per  linear  foot. 

Required  the  maximum  live  load : 

Available  buoyancy  of  one  pier  112iX70X.8-»6,300  pounds.  De- 
duct weight  of  superstructure,  10X105  pounds**  1,050  pounds. 

Available  buoyancy  per  bay,  5,250  pounds. 

5250 

Maximum  live  load  per  linear  foot,  -jq'<^626   pounds,    or   length 

of  bay  for  any  assumed  live  load,  say  400  pounds  per  linear  foot. 

To  find  capacity  of  bridge  with  raft  piers :  Piers  of  7  logs  each ; 
length  of  logs,  46  feet ;  mean  girth,  41  feet ;  weight  of  timber,  35 
pounds  per  cubic  foot ;  dead  load,  150  pounds  per  linear  foot  of 
roadway ;  intervals  between  centers  of  piers,  19  feet. 

Required  the  maximum  live  load:  volume  of  log,  par.  90,  4.5 X 
4.5  X  0.08  X  45=«72.5  cubic  feet.  Volume  of  7  such  logs,  507.5  cubic 
feet.  Supporting  power  of  pier,  507.5  X  (62.5  — 35)  X  0.8—11,160 
pounds.  Deduct  dead  load,  150  X  19-»2,850  pounds.  Net  buoyancy 
per    bay,    8,310    pounds.      Maximum    live    load    for    19-foot    span, 

-jg-B:«437  pounds  per  linear  foot,  or  length  of  bay  for  any  assumed 

8310 
live  load,  say  500  pounds  per  linear  foot,     500  "*16.6  feet. 

106.  Precantlona  in  paaalnir  floatlnir  brldflres. — Infantry 
must  break  step  and  music  cease ;  distances  must  be  maintained  or 
extended;  riders  and  drivers  must  dismount  and  all  horses  must  be 
led.  Halting  on  a  bridge  should  be  avoided.  If  it  is  absolutely  nec<  s- 
sary  to  halt  on  a  floating  bridge,  concentrated  loads,  such  as  the 
wheels  of  wagons  and  guns,  should  rest  between  piers.  Interruptions 
of  the  column  of  march  and  alternations  of  direction  should  be  made 
as  few  as  possible.  The  greatest  strains  on  the  bridge  occur  when 
part  of  it  Is  empty  and  the  rest  loaded.  The  column  should  also 
be  so  arranged  as  to  make  the  alternations  among  the  different  classes 
of  loads,  as  troops,  artillery,  and  trains,  as  infrequent  as  possible. 

If  a  bridge  begins  to  sway  or  oscillate  considerably,  tne  column 
must  be  halted  and  not  allowed  to  resume  its  march  until  the  swaying 
has  ceased 

107.  Protection  of  floatlnir  brldarea. — The  bridge  must  be  kept 
clear  of  drift  and  other  floating  objects,  especial  attention  being  given 
to  the  anchor  cables.  If  the  objects  are  not  too  large  or  too 
numerous  they  may  be  passed  under  the  bridge  by  men  working  with 
pike  poles  from  the  piers  and  roadway.  Large  trees  may  be  disposed 
of  in  this  way  by  sawing  them  up  into  logs  of  manageable  length. 
Floating  objects  may  be  prevented  from  striking  the  bridge  by  a 
guard  upstream  or  by  a  draw  span  in  the  bridge  or  by  a  floating 
boom  crossing  the  stream  obliquely. 

A  guard,  if  used,  is  placed  about  1,000  yards  above  the  bridge. 
It  is  stationed  in  boats  at  diflTerent  points  across  the  stream  and  Is 
provided  with  cables,  grapnels,  anchors,  dogs,  hammers,  saws,  etc. 
The  business  of  this  guard  is  to  anchor  or  tow  ashore  dangerous 
drifting  bodies. 

The  floating  boom  is  constructed  of  trees  united  by  chains  and 
forms  a  continuous  barrier  to  surface  drift.  Its  general  direction 
should  form  an  angle  of  about  20"  with  the  current,  giving  It  a 
length  about  two  and  three-fourths  times  the  width  of  the  river. 
A  boom  is  not  a  very  reliable  protection. 

A  guard  should  always  be  posted  at  a  floating  bridge  with  a  sentry 
at  each  end,  and  if  the  bridge  is  long  at  intermediate  points.  Sen- 
tries turn  out  the  guard  whenever  the  bridge  is  in  danger  from  any 
cause.  The  body  of  the  guard  should  be  stationed  near  one  end  of 
the  bridge. 

The  giMtrd  will  regulate  the  traflic  over  the  bridge  and   enforce 

^ers  as  to'  right  01  way  of  vehicles  desiring  to  cross  in  opposite 
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directions.  They  will  see  that  loads  greater  than  those  prescribed 
for  the  particular  bridge  do  not  enter. 

The  officer  in  charge  of  a  floating  bridge  must  frequently  Inspect 
the  cables  to  see  that  they  are  not  chafing  and  that  the  anchors  do 
not  drag.  He  will  cause  rack  lashings  to  be  tightened  up  when 
they  work  loose  and  see  that  boats  are  bailed  or  pumped  when  they 
leak  or  ship  water.  A  suitable  depot  of  spare  balks,  floor  planks, 
cordage,  etc.,  should  be  established  on  shore  near  one  end  of  the 
bridge.     The  guard  will  be  stationed  at  the  same  end. 

Ice.  If  thin  or  rotten,  is  a  serious  obstacle  to  crossing  a  stream ; 
if  thick  and  sound,  it  is  a  very  good  bridge  Itself.  Boats  used  in 
ice  must  be  protected  with  channg  pieces,  especially  near  the  water 
line  at  the  bows.  Heavy  ice,  rapidly  moving,  makes  a  crossing 
impracticable. 

With  sound  Ice,  infantry  may  pass  on  3-inch  thickness  and  cav- 
alry on  4,  but  with  large  Intervals.  Fieldpieces  are  safe  on  6  inches, 
and  ice  10  inches  thick  will  carry  any  load  that  an  army  is  likely  to 
have. 

Loads  may  be  carried  on  lesser  thicknesses  or  on  unsound  ice  by 
distributing  the  weights.  Infantry  may  cross  on-  lines  of  planks. 
The  wheels  of  wagons  may  be  skidded  on  planks.  Wagon  boxes  may 
be  placed  on  boards  and  used  as  sleds  to  cross  supplies.  Animals 
may  be  hauled  across  on  platforms. 

In  shallow  lakes,  springs  are  apt  to  cause  weak  spots.  A  path 
should  be  carefully  examined  by  chopping  through  the  ice  at  fre- 
quent intervals  to  determine  its  thickness  and  quality,  and  when  a 
safe  track  is  found  it  should  be  marked  on  both  sides  by  bushes  stuck 
in  holes  in  the  ice.- 

BARGES. 

108.  A  few  types  of  barges  of  simple,  quick  construction  are  shown 
in  the  plates.  They  are  useful  in  towing  and  lightering,  are  easy  to 
manage,  and  are  stanch  in  rough  weather.  Figure  194  shows  a 
barge  or  flying  bridge  used  at  Chattanooga  durine  the  Civil  War  for 
crossing  men  and  wagons  over  the  Tennessee  River.  It  will  carry 
four  6*mule  teams  and  wagons  besides  infantry  and  cavalry.  The 
cable  ufas  attached  to  an  island  above  and  was  supported  upon  three 
floats.  The  connection  with  the  boat  was  made  by  a  rope  with  both 
ends  fastened  to  the  end  of  the  cable,  passing  through  snatch  blocks 
at  tho  bow  and  stem  of  the  boat  on  the  upstream  side  and  around  a 
windlass  at  the  middle.  The  velocity  was  controlled  by  turning  the 
windlass  to  give  the  hull  the  proper  direction  with  respect  to  the 
current.  Leeboards  near  bow  and  stern  were  used  to  catch  the 
current  and  increase  its  force. 

In  swift  currents  the  scow  can  not  be  held  broadside  to  the  stream. 
The  roadway  must  then  be  made  across  instead  of  along  the  deck. 
To  make  the  bridles,  attach  the  end  of  the  main  cable  at  the  middle 
of  the  bow.  Stop  the  bight  of  a  line  to  the  cable  50  to  75  feet  above 
the  scow  and  lead  its  ends  to  tackles  on  the  starboard  and  port 
sides.  By  slacking  the  port  tackle  and  holding  the  starboard  a 
bridle  is  formed  to  the  right,  and  by  the  reverse  process  a  bridle  is 
formed  to  the  left  (flg.  185a).  If  It  be  desired  to  stop  quickly,  as  on 
landing  or  avoiding  floating  objects,  let  both  tackles  go  and  the 
scow  rides  at  ease  on  the  main  cable. 

Figure  195  shows  a  smaller  barge  than  the  preceding.  It  Is  oper- 
atedby  the  force  of  the  current,  but  by  means  of  a  traveler  or  trolley 
running  on  a  cable  stretched  across  the  stream.  It  will  carry  two 
iieldpieces,  with  four  horses  each,  side  by  side.  It  differs  from  the 
former  one  in  having  the  flooring  on  the  bottom  of  the  boat  instead 
of  being  decked.  For  temporary  use,  loose  planks  called  dunnage 
can  be  laid  on  the  bottom  frames.       ^  .,     .^   ...  ^ 

Figures  196  to  199  show  a  type  of  barge  easily  built  by  ordinary 
carpenters.     It  is  best  built  bottom  side  up.     Place  skids  or  ways  on 
or  near  the  ground  parallel  to  each  other  and  about  10  feet  apar' 
'vrith  their  upper  sides  in  a  plane,  horizontal  or  slightly  inclir 
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•let  out   tho   Bunvalei   complete,   with   tlmberbe&ds    attached,   and 

SiBce  them  on  the  ways  In  tbelr  relntlve  poeltlons,  bat  npalde  down. 
ntid  the  Intermediate  Frames  In  their  relative  posltlone.  alBO  npelde 
down.  Plank  the  bottom,  making  doae  Joints  on  the  Inside  and 
beveling  the  plan  at  the  edges  bo  aa  to  have  a  )  to  I  inch  open  Beam 
on  the  outside.  Thin  Is  called  ouiaaiioe  and  (acllltates  calking.  Pat 
on  the  head  MockB  and  the  corner  Irons.  Then  calk,  and  Btay  the 
eanwales  by  spiking  a  tew  deck  planks  on.  Slide  the  barge  Into  the 
water,  etni  bottom  side  up. 

CalkfuK  fa  done  with  oakum  or  cotton,  which  Is  driven  Into  the 
seam  with  the  calking  tool  end  calking  mallet.  Oakom  cornea  In  bale* 
aad  must  be  plckfd  and  spun  before  use.  Picking  Is  the  pcoceas  ot 
loosening  up  the  compressed  fibers  ot  the  oakum  by  palling  and  beat- 
lag.  Tbe  loose  oakum  Is  spud  by  rolling  It  Into  a  rope  or  atrand 
uauBlIy  uoder  odo  haad  across  the  knee,  feeding  the  material  trom  the 
iooae  pile  with  the  other  band.     The  spun  oakum  la  1  to  1  Inch  dlam- 


ing  to  tbe  thickness  ot  p 


Calking  cotton  conies  Id  a  strand  wound  tato  ttklla  and  la  ready  tor 

Seaois  should  be  well  filled  with  material  driven  hard. 

In  recalking,  tbe  old  work  should  be  horsed  up,  which  la  done  by 
driving  It  lii  wltb  the  large  tool  and  a  Pledge. 

The  seam  Is  flnlsbed  by  a  pavtito  with  paint  or  pitch. 

Certain  marine  aalmsls  destroy  calking  by  eating  tbe  oakum.  This 
may  be  prevented  by  laying  a  airand  of  hard-twisted  rope,  called 
ratlijie,  on  the  top  of  tbe  seam,  secured  to  Uie  planka  by  staples.  If 
the  scams  are  wide,  wide  strips  of  wood  may  be  used. 

To  tam  the  barge  over,  lay  her  along  tbe  bank.  Fasten  two  lines 
to  the  outside  nmwalea,  paaa  them  under  the  boat,  and  lead  well  up- 
stream. Shovel  earth  on  tbe  ogter  edge  of  the  bottom  till  It  Is  prac- 
tically submerged,  then  slack  off  the  upper  llbe,  allowing  tbe  upper 
end  to  swing  oat  Into  the  stream  unin  "h"  hm-oe  Hb.  nri.h  nna  ™,f  t^ 

tba  iMiik  instead  ot  th«  side.    Bol 

will  right  the  boat.     A  depth  of  n . 

the  width  of  the  boat  and  a  cnrreot  ot  IJ  mfies  per  hour  a..  .. 
sary  to  the  suecess  of  thla  opocatlon.     It  Is  moat  conveniently  don 
the  shore,  but  oiay  be  done  In  the  stream  or  In  alack  water  If  a 
or  other  meaua  Is  available  to  set  a  strain  on  the  lines. 
109.  Bill  of  materials : 

Gunwalei,  2  |deeeB,  i  by  12  iDCbea  by  40  feet. 

Gunnales,  2  pieces,  4  by  12  Indies  by  37  feet. 

nuukinles.  e  pieces.  6  by  IS  Inches  by  33  feet  2  Inches. 

Ilend  blotliB.  2  pieces.  S  by  8  Inches  by  10  feet 

Knees,  0  pieces.  4  by  Q  Incbee  by  3  feet. 

Btruta.  42  pieces.  2  by  4  Incbea  by  :;  feet  10  Incbea. 

Braces,  4  pieces.  2  by  4  inches  by  T  feet 

Ttaoberhesds,  4  pieces,  4  by  e  lachea  by  4  ttet.  otk. 

Deck  strtngerB.  3  pieces.  4  by  S  Inches  by  40  feet. 

Floor  atrlogers,  3  pieces,  4  by  6  Inctaes  by  38  feet 

Bak«  Bttlngers.  6  pieces,  4  by  6  inches  by  6  feet. 

Bottom  planks.  45  pieces,  21  by  12  Inches  by  10  feet 

Deck  planka.  43  pleccH,  2  by  12  inches  by  10  feet. 

Drlftboltt,  20,  S-locb  by  3  fpet  10  Incbea. 


Drlftbolts,  4.  l-lnch  by  2  fee 
Driftbolts,  4|  ^y  12  Inches 
IMftbolts.  4,  i  by  8  Inches. 


,lrfiiige  bolts,  2.,  ,  _.  .  . 
Carriage  bolts,  12.  f  h.v  12 
Bplket,  3-lDch,  ISO  pounds. 
ftjllkes,  fi-lncb,  2S0  pounds. 
Corner  bandB,  4,  f,  by  4  Ini 
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figures  200  to  206  show  a  skiff  easily  coBstructed  and  valuable  for 
a  number  of  purposes.  It  may  be  18  to  26  feet  long,  with  parts  pro- 
portioned as  in  tne  drawings. 

Figures  207  and  208  show  a  design  for  a  100-foot  barge.  This 
barge  is  of  greater  dimensions  than  any  of  the  preceding  and  some- 
what more  elaborate  in  construction.  It  was  designed  specially  for 
carrying  stone  and  would  be  useful  In  heavy  water  transportation  gen- 
erally. The  construction  is  shown  In  detail  and  to  scale  and  is  within 
the  limits  of  ordinary  rough  carpentry.  It  should  be  built  on  ways, 
top  side  up,  and  planked  from  below. 

CANTILEVERS. 

110.  A  eanttleveT  is  a  projecting  or  overhanging  support,  trans- 
mitting all* of  its  load  to  one  of  its  ends. 

The  cantilever  principle  may  be  utilized  in  military  field  bridges 
for  short  spans  and  moderate  loads.  Some  typical  forms  are  shown 
in  figures  209  to  212.  The  main  points  to  be  observed  are  that  the 
maximum  pressure  on  the  abutment  is  greater  than  the  heaviest  load, 
live  and  dead,  on  the  projecting  part  of  the  cantilever*;  that  any 
settlement  of  the  abutment  causes  a  greater  disturbance  of  the 
bridge ;  and  that  the  weight  or  resistance  of  the  anchor  multiplied 
by  its  distance  from  the  abutment  must  be  greater  than  the  greatest 
concentrated  load  multiplied  by  the  length  of  the  projecting  part, 
or  the  greatest  uniform  load  multiplied  by  half  that  length. 

If  the  anchorage  is  beneath  the  beams  as  in  figures  209  and  210, 
the  roaQwav  may  be  laid  directly  upon  them.  If  the  anchorage  Is 
above  the  beams,  separate  road  bearers  must  be  provided  resting  on 
transoms  carried  by  the  cantilevers,  and  high  enough  at  the  inner 
end  to  pass  over  the  anchorage;  or  the  cantilevers  may  be  at  the 
sides  only,  as  in  figures  211   and  212. 

Bear  in  mind  that  the  safe  load  of  a  cantilever,  concentrated  or 
uniform.  Is  one-fourth  of  the  corresponding  safe  load  of  the  same 
beam  supported  at  bdth  ends  with  the  same  span,  an^  that  the  de- 
flection of  the  cantilever  under  any  loasi  less  than  the  safe  load  will 
be  ten  to  sixteen  times  greater  than  the  deflection  of  the  same  beam 
under  the  same  load  when  supported  at  both  ends.  Much  greater 
vibrations  must  be  expected  than  in  girder  or  truss  bridges. 

If  the  two  cantilevers  meet  at  the  middle  of  the  bridge  they  must 
be  fastened  together.  This  doubles  the  safe  concentrated  load  for 
the  bridge,  making  it  «qual  to  one-half  the  safe  uniform  load  of  both 
cantilevers  instead  of  one,  or  one-half  the  safe  concentrated  load 
on  a  beam  of  the  size  and  length  of  one  cantilever  supported  at 
both   ends. 

When  separate  road  bearers  are  used,  the  .transoms  are  better  ar- 
ranged so  that  there  will'  be  a  middle  bay  resting  one  end  on  each. 
cantilever  (figs.  211  and  212). 

If  the  cantilevers  do  not  meet,  the  gap  is  filled  by  a  girder  or  truss 
supported  by  the  ends  of  the  cantilevers.  This  arrangement  may  be 
useful  in  case  timbers  too  short  to  span  the  gap  have  to  be  used. 
To  get  the  maximum  strength  for  timbers  of  a  given  size,  the  canti- 
levers should  be  one-seventh  and  the  girder  five-sevenths  of  the  span. 

111.  When  objects  of  sufficient  mass  and  stability  are  available,  the 
counterbalance  is  not  necessary  and  the  cantilevers  take  the  form  of 
brackets  (fig.  213).  If  the  opposite  brackets  meet  and  are  well 
connected  the  structure  becomes  of  the  spar-bridge  type,  and  there  is 
no  overturning  moment  on  the  abutments.  Abutments  which  will 
sustain  the  weight  of  the  cantilevers  themselves  and  the  working 
parties  before  they  are  connected  will  permit  the  construction  of 
such  a  bridge.  The  two  brackets  on  the  same  side  should  be  con- 
nected   by    diagonals. 

112.  The  horizontal  and  inclined  members  of  a  bracket  are  single 
sticks,  or  built  up  as  may  be  most  convenient.    They  are  connected 
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by  fish  plates.  The  vertical  member  Is  best  made  In  two  pieces. 
The  parts  should  be  accurately  assembled  on  the  ground  and  bored 
for  the  bolts.  The  fish  plates  are  bolted  to  the  strut.  Place  the 
strut  between  the  verticals  and  connect  them  at  the  lower  ends  by 
a  single  bolt.  Launch  the  three  over  the  edge  of  the  wall  or  bank, 
and  lower  until  the  tops  of  the  ties  are  at  the  proper  height,  and 
make  fast  by  an  auxiliary  piece  bolted  or  lashed  to  the  ties  on  the 
outside,  leaving  the  strut  free  to  rotate  about  the  bolt  at  Its  foot. 
Then  raise  the  end  of  the  beam  to  the  top  of  the  strut  and  connect 
by  one  bolt.  Launch  out  the  beam  until  Its  inner  end  falls  In  place 
between  the  ties.     Then  set  all  the  bolts  and  tighten  up. 

TRUSS    BRIDGES. 

U.S.  A  tvnss  is  a  compound  beam  the  parts  of  which  are  so  dis- 
posed as  to  form  one  or  more  triangles  In  the  same  plane.  The 
triangle  is  the  only  closed  figure  which  Is  rigid.  Four  given  sides 
may  be  formed  into  an  infinite  number  of  quadrilaterals,  and  simi- 
larly for  a  greater  number  of  sides.  It  Is  only  the  resistance  of  the 
Joints  to  bending  which  prevents  the  distortion  of  any  of  these 
figures,  or  its.  complete  collapse.  .  But  a  given  three  sides  can  be 
formed  into  one  triangle  and  only  one ;  hence,  If  the  Joints  do  not 
separate  no  side  of  a  triangle  can  leave  the  position  In  which  It  is 
placed  for  another  in  the  same  plane. 

Except  in  some  of  the  simplest  forms,  the  Darts  of  a  truss  are  sub- 
jected to  tension  and  compression  only,  transverse  strains  being  prac- 
tically eliminated.  For  this  reasoxi  parts  can  be  combined  Into  a  trass 
of  much  greater  length  and  supporting  power  than  a  possible  single 
beam. 

114.  The  simplest  form  is  the  tr:^98ed  beam,  in  which  a  part  of  the 
load  is  taken  up  at  an  interfnedlate  point  and  transferred  directly  to 
the  ends  (figs.  218  and  219). 

In  the  king-post  truss  (fig.  214)  the  upright  member  Is  In  tension 
and  carries  one-half  the  gross  load  on  the  truss,  or  one-fourth  the 
gross  load  on  the  bridge.  One-half  of  this,  or  one-eighth  the  gross 
load  on  the  bridge,  is  transmitted  In  compression  by  the  inclined  struts 
from  the  apex  A  to  the  ends  of  the  beam  ftt  B  and  C,  causing  stresses, 
as  sliown  in  Table  XXX. 

In  the  queen-post  truss  (fig.  215)  two  points  of  the  beam  are  sup- 
ported, forming  three  equal  bays.  The  counter  braces  in  the  middle 
panel  are  frequently  omitted,  and  the  resulting  combination  of  two 
triangles  and  a  parallelogram  is  not  rigid  and  Is  not  a  true  truss.  As 
half  of  the  bridge  is  loaded  the  other  half  tends  to  rise,  permitting 
the  loaded  half  to  sink,  the  beam  taking  the  form  of  an  S.  If  the 
beam  be  stiff  enough  to  withstand  this  double  bending  effect  the  bridge 
will  be  safe,  but  no  stronger  than  if  the  beam  were  divided  into  two 
bays  instead  of  three.  In  this  form  each  post  carries  one-sixth  of  the 
total  load,  dead  and  live,  on  the  bridge,  all  of  which  is  transmitted 
down  the  corresponding  strut. 

115.  The  strenses  in  b:ing  and  queen  post  trusses  depend  upon  the 
load  and  the  inclination  of  the  struts.  The  load  may  be  stated  in  tons 
or  pounds  for  the  entire  bridge.  The  inclination  or  the  struts  is  rep- 
resented by  the  ratio  between  the  height  of  posts  and  the  length  of  bay. 

Besides  the  stresses  on  rods  and  struts  there  is  a  tension  on  the 
beam.  It  varies  in  the  same  way  as  the  other  stresses,  and  sufflcient 
cross  section  must  be  given  the  beam  to  withstand  it,  in  addition  to 
that  figured  for  the  transverse  strength.  In  the  queen-post  truss  the 
upper  norizontal  member  or  straining  mean  takes  this  same  streas, 
but  in  compression. 
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Table  XXX. 

116.  Strg»—  on  members  of  kliis  and  Queen  poat  tmsBea  in 
-Cerms  of  total  loa4  on  bridge,  for  various  inclinations  of  stmts: 


Xing-post. 

Queen-post. 

Ratio  of  bei^t  of  post  to  length  of  bay. 

Stress  on 

Stress  on 

Stress  on 

Stress  on 

each 

each 

each 

each 

strut. 

beam. 

strut. 

beam. 

1 

2 

3 

• 

4 

5 

ro.05 

2.50 

2.49 

3.33 

3.33 

.10 

1.25 

1.24 

1.66 

1.66 

.15 

.84 

.83 

1.12 

LU 

^^ustomary  lange  for  Inverted  truss 

.20 

.64 

.62 

.85 

.83 

.25 

.53 

.50 

.69 

.66 

.30 

.42 

.40 

.58 

.55 

.40 

.34 

.81 

.45 

.42 

.50 

.28 

.26 

.37 

.33 

.60 

.25 

.21 

.32 

.28 

Oastomary  xange  for  eiect  truss. . . 

.70 
.80 

.22 
.20 

.18 
.16 

.29 
.27 

.24 
.21 

.90 

.19 

.14 

.25 

.18 

[l.00 

.18 

.12 

.23 

.17 

Tabus  XXXI. 

117.  Slae«  «nd  tensile  strenvtlta  of  iron  roda,  standard 
4  breaded,  with  assumed  elastic  limit  of  30,000  pounds  per  square 
IBCb,  strength  computed  for  area  inside  threads : 


Diameter 

Tenslls 

Diameter 

Tensile 

Diameter 

Tensile 

of  rod. 

- 

strength. 

of  rod. 

strength. 

of  rod. 

strength. 

Intht*. 

Pifunds. 

Inchc9. 

Pounds. 

Inches. 

Pounds, 

\ 

294 

U 

23,857 

2 

85,119 

1,178 

1 

29,453 

2 

95,426 

2,650 

*■ 

35,638 

2 

106,322 

i 

4,712 

1 

42,412 

2 

117,809 

7,363 

48,774 

2 

129,886 

10,603 

1 

67,727 

2 

142,552 

14,432 

11 

66,269 

2 

155,803 

1 

18,850 

2 

75,399 

3 

169,646 

t 


\\K  To  <l«»«lirn  ■nelt  a  trnaa,  determine  the  span  and  gross  load 
f  UnMr  ftM't,  and  from  them  the  total  load  on  the  bridge.  Take 
»m  Table  X.XXI 


ifom 


This 


the  size  of  the  rod  corresponding  to  the  load. 
"       '  p  king-post  and  6  for  queei 

the  tensile  strength  of  the  wood* 


'\u  9\'f^  w  fHotor  of  safety  of  4  for  king-post  and  6  for  queen-post. 
8  tlm^'f  In  UBiHl,  divide  the  load  by  the  tensile  strength  of  the  wood* 
\j,t\*  n   •^%i»->^n  8.    The  result  will  be  the  required  cross  section  In 


>8t,  with  the  same  factors  of  safety  as  before. 
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To  determine  the  Blze  ot  struts,  divide  the  length  of  post  by  leng^th 
of  bay,  and  with  the  quotient  enter  Table  XXX  and  take  out  the 
factor  from  column  2  for  king-post  or  column  4  for  queen-post  truss. 
Multiply  the  load  by  the  factor.  The  result  will  be  the  maximum 
stress  on  the  strut.  With  the  length  of  strut  enter  Table  IV  and  take 
out  the  size  corresponding  to  a  load  next  above  the  strain  Just  found. 
Sticks  of  this  size  will  give  a  factor  of  safety  of  5. 

Multiply  the  load  by  the  factor  in  column  3  or  5,  Table  XXX,  cor- 
responding to  the  inclination  of  the  strut  already  found,  and  the 
result  will  be  the  stress  (tension)  on  the  heams.  Divide  this  stress 
by  the  tensile  strength  of  the  material,  Table  II,  column  3.  The  re- 
sult, multiplied  by  5,  will  be  the  square  Inches  of  cross  section  to  be 
allowed  for  this  stress,  with  a  factor  of  safety  of  5.  .Unless  the  posts 
are  short,  this  strain  may  be  neglected. 

Consider  one-fourth  the  load  applied  uniformly  to  one-half  the  beam 
for  king-post  and  one-sixth  the  load  to  one-third  the  beam  for  queen- 
post,  and  determine,  as  in  paragraph  13,  the  size  of  beam  of  sufK- 
cient  transverse  strength.  Add  the  cross  section  found  above  for  the 
tensile  strain.     The  sum  will  be  the  entire  cross  section  of  the  beam. 

119.  Example. — To  design  a  queen-post  truss  for  a  span  of  46 
feet,  a  dead  load  of  150  pounds,  and  a  live  load  of  850  pounds  per 
linear  foot,  or  1,000  pounds  gross.  Total  load,  45,000  pounds.  As- 
sume height  of  posts  at  10  feet. 

Size  of  rod.  Table  XXXI,  IS  inches  diameter;  or,  If  wood  be  used, 

then — 

45  000 
Size  of  poets  (yellow  pine),     g^^^.  Table  II,  column  3— -S  square 

inches  area  of  cross  section.  A  larger  post  with  excess  of  strength 
would  be  used  to  give  better  Joints. 

Size  of  struts. — Height  of  the  post,  10  feet  -i-  by  length  of  bay, 
15  feet,=0.67.  From  Table  XXX,  column  4,  opposite  0.70  in  column 
1,  take  factor  0.29.  45,000  multiplied  by  0.29*=»13,050  pounds«»maxl- 
mum  stress  on  each  strut.  Length  of  8trutSB«:fl\/15«^10*-*18  feet. 
In  Table  lY,  opposite  18  feet  in  column  1,  the  load  16,333  pounds 
corresponds  to  a  post  8  by  8  inches,  which  is  the  minimum  size  for 
struts. 

Lonffitudinal  stress  on  beam. — Multiply  45,000  by  the  factor  0.24 
in  column  5,  Table  XXX,  corresponding  to  0.70  in  column  1.  The 
result,  10,800  pounds.  Is  the  longitudinal  stress  on  the  beam.  This 
divided  by  the  tensile  strength,  9,000,  gives  1.2  square  inches,  which 
Hmltlplled  by  a  factor  of  safety  of  5  gives  6  square  Inches  to  be 
added  to  the  cross  section  of  beam  on  account  of  this  stress. 

For  transverse  strength  of  beam, — One-sixth  of  load,  7,500  pounds 
uniformly  distributed  over  a  clear  span  of  15  feet,  breadth  two-thirds 
of  depth,  reaulres,  by  Formula  A,  paragraph  13,  a  beam  6.2  by  9.3 
inches=57.66  square  inches.  Add  the  area  to  resist  tensile  strain  on 
the  beam,  6  square  inches,  as  found  above,  and  there  results  a  total 
croSB-sectlonal  area  of  63.66  square  Inches,  or,  in  practice,  a  beam  7 
by  10  inches. 

The  compression  on  the  upper  chord  or  straining  beam  is  the  same  as 
tbe  tension  on  the  lower  beam,  10,800  pounds.  Its  length  is  15  feet, 
and  from  Table  IV  a  7  by  7  inch  stick  is  found  to  be  amply  strong. 

Bach  truss  will  then  consist  of  a  beam  of  45  feet  clear  span,  not 
less  than  7  }?y  XO  Inches  in  rtross  section;  two  struts  18  feet  long, 
not  less  than  7  by  7  Inches  in  cross  section ;  one  straining  beam,  15 
feet  long,  not  less  than  7  bv  7  inches  in  cross  section ;  and  two  rods 
Ig  inches  diameter,  or  wooden  posts  of  not  less  than  5  square  inches 
m  cross  section.  In  framed  wooden  structures  It  is  desirable  to  have 
one  dimension  the  same  in  all  the  pieces  that  meet  at  a  point,  and  a 
considerable  excess  of  material  in  the  structure  often  results.  In  this 
case  It  will  be  convenient  to  take  the  beam  7  by  10  inches,  struts  7  by 
7  Inches,  straining  beams  7  by  7  Inches,  and  posts,  if  of  wood,  double, 
each  half  3  by  7  inches :  or  else  beams  6  by  11  Inches,  struts  6  by  8 
inches,  straining  beams  6  by  8  inches,  and  posts  3  by  7  Inches,  double. 
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IrH^^^t  VHU  »how8  arrangement  of  a  30-foot  queen-post  truss  for  a 
^K^'^vA>    UrUitre,  bavlng  about  the  dimensions  above  computed. 

\  y  iVr  a  ll}(ht  railroad  bridge  of  30-foot  span  and  10  feet  high, 
|k«v'  kvU^^wluir  illraensions  may  be  used  for  a  king-post  truss:  Chord  10 
Is^  ^S  (MoluM^,  struts  10  by  10  inches,  and  rods  2S  inches  diameter  or 
^"ir'Ux'iN  two  rods  at  each  post,  each  li  inches  diameter,  and  several 
iUv  >n^«  «|>«rt  transversely  of  the  bridge. 

\^'\,  Inverted  forms. — Both  king  and  queen  post  trusses  may  be 
Uuovtml.  Oicuros  216  and  217.  All  stresses  of  tension  and  compres- 
kiUvu  MiHt  (hen  reversed.  The  principles  of  design  are  not  affected  by 
\\\\'^  chMii);o,  but  wood  must  be  used  for  posts,  and  Iron  is  much  better 
l\M'  i\w  Inclined  members  and  for  the  lower  chords  of  queen-post 
it'vi'iNOM,  The  rods  are  best  made  double,  one  on  each  side  of  the  beam, 
mul  fuMtened  to  bolts  through  the  beam  at  the  middle  point  of  its 
Uoi'tU.  Three  or  more  inverted  trusses  may  be  placed  beneath  a 
ikluMlo^track  roadway.  Of  the  erect  type  but  two  can  be  used.  Double- 
U*«ok  bridges  are  often  built  with  three  erect  trusses, 

IJU.  Brectlon  of  small  trusses. — With  a  single  beam  long 
t^uoutfh  to  span  the  opening  the  truss  may  be  built  In  place.  The 
muuo  may  be  done  with  a  spliced  beam,  provided  It  is  stiff  enough  to 
Mupport  its  own  weight  plus  that  of  the  men  and  materials  necessary 
to  complete  the  truss. 

The  simplest  way  to  get  a  beam  across  an  opening  is  to  attach  a 
ropQ  to  one  end  and  pass  it  over  to  the  other  side;  then  launch  the 
btmm  out  and  haul  the  front  end  up  with  the  rope  (fig.  222). 

Two  methods,  in  which  the  further  bank  need  not  be  occupied,  are 
tUuBtrated  in  flgnres  228  to  225.  In  one  case  an  auxiliary  beam,  and 
wheels  and  axle  from  an  ordinary  wagon  or  cart,  are  used  as  indi- 
cated to  place  the  beam  on  its  abutments.  No  support  between  banks 
la  needed.  In  the  other  case,  two  spars  are  stepped  on  the  bottom  as 
indicated,  and  their  tops  lashed  together  to  form  a  fork,  into  which 
the  beam  is  placed.  The  beam  is  then  pushed  across,  the  spars  re- 
volving on  their  lower  ends.  The  spars  must  be-long  enough  to  reach 
the  higher  of  the  two  banks. 

Complete  trusses  may  be  sprung  across  by  similar  means.     The  ap- 

frlication  of  the  second  method  to  an  erect  king^post  truss  is  illus- 
rated  In  figure  224.  Inverted  trusses  may  be  kept  upside  down  until 
on  the  abutments  and  then  turned  over,  provided  the  chord  has  suffi- 
cient lateral  stiffness. 

123.  Completion  of  the  brldse. — The  trusses  being  in  position, 
vertical  and  parallel  to  each  other  and  secured,  lay  floor  Joists  from 
truss  to  truss  18  to  80  inches,  c.  to  c,  and  on  them  lay  a  double 
course  of  diagonal  planking,  the  upper  course  at  right  angles  to  the 
lower.  Or,  lay  floor  transoms  at  Intervals  of  about  5  feet,  and  on 
them  stringers,  the  latter  carrying  a  single  course  of  cross  blank,  or 
two  diagonal  courses  crossed.  Planks  should  be  at  least  1|  Inches 
thick ;  if  less,  lay  more  courses. 

Assuming  a  live  load  of  100  pounds  per  square  foot  for  highway 
bridges,  3  by  10  in>,'h  floor  joists  spaced  30  Inches,  c.  to  c,  will  be 
safe  up  to  12  feet  clear  width  between  trusses,  or  3  by  12  inches  up 
to  16  feet.  For  the  same  load,  floor  transoms  5  by  10  inches,  5  feet 
apart,  will  be  safe  up  to  13  feet  clear  distance  between  trusses,  or 
0  by  12  inches  up  to  17  feet.  On  these  transoms  stringers  should  be 
4  by  6  inches,  spaced  18  inches,  c.  to  c,  for  single,  and  30  inches, 
c.  to  c,  for  double  planking.     (See  par.  124,  p.  249.) 

If  the  beam  of  the  truss  has  not  been  designed  to  take  transverse 
strains,  the  floor  transoms  must  be  placed  at  the  panel  points  on  the 
beam,  or  hung  below  them,  as  in  figure  232.  Such  a  transom  must 
be  strong  enough  to  take  the  load  on  one  span  of  the  bridge.  The 
stringers,  spaced  as  above,  must  be  increased  In  size  for  their  in- 
creased length.  If  a  queen-post  truss.  It  will  be  necessary  to  introduce 
the  diagonal  counter  braces  which  may  be  smaller  than  the  stmts. 
One  must  run  through  and  the  other  be  made  In  two  pieees  so  that 
both  counters  may  be  in  the  same  plane  (fig.  232). 
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124.  Distance  In  feet,  center  to  center,  between  strfngers  or 
beams  to  carry  a  distributed  load  of  100  pounds  per  square  foot  of 
roadway.  Including  its  own  weight.  For  other  loads  divide  the  tabu- 
lar number  by  the  assumed  load  per  square  foot  and  multiply  by  100. 


Round. 

Rectan- 

gUlAT. 

Span  in  feet 

• 

D 

hxd 

9 
Ft. 

10 
-FY. 

11 
Ft. 

12 

13 

14 
Ft. 

15 
Ft. 

16 

18 
Ft. 

20 

22 

24 

,    Ins, 

Ins. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

JFY. 

5 

2x  6 

1.2 

1.0 

6 

8 

2.1 

1.7 

1.4 

1.2 

1.0 

7 

10 

3.3 

2.7 

2.2 

1.8 

1.5 

1.3 

1.1 

i.e 

12 

4.7 

3.8 

3.1 

2.6 

2.2 

1.9 

1.7 

1.5 

1.2 

1.0 

3x   6 

1.7 

1,4 

1.2 

1.0 

8 

3.1 

2.5 

2.1 

1.8 

1.5 

1.3 

1.1 

1.0 

8 

10 

4.9 

4.0 

3.3 

2.8 

2.3 

2.0 

1.7 

1.5 

1.2 

1.0 

9 

12 

7.1 

5.7 

4.7 

4.0 

3.4 

3.0 

2.5 

2.2 

1.7 

1.4 

1.2 

1.0 

4z   6 

2.3 

1.9 

1.5 

1.3 

1.1 

1.0 

8 

4.2 

3.4 

2.8 

2.4 

2.0 

1.7 

1.5 

1.3 

1.0 

10 

6.6 

5.4 

4.4 

3.6 

3.0 

2.6 

2.2 

2.0 

1.6 

1.3 

1.1 

1.0 

12 

9.4 

7.6 

6.2 

6.2 

4.4 

3.8 

3.4 

3.0 

2.4 

1.9 

15 

1.3 

5x   6 

3.4 

3.8 

.2.4 

2.0 

1.7 

1.4 

1.2 

1.1 

8 

6.2 

5.0 

4.2 

3.6 

3.0 

2.6 

2.2 

2.0 

1.6 

1.2 

1.0 

10 

10 

9.8 

8.0 

6.6 

5.6 

4.6 

4.0 

3.5 

3.1 

2.4 

2.0 

1.6 

1.3 

12 

14.2 

11.4 

9.4 

8.0 

6.8 

6.0 

5.0 

4.4 

3.4 

2.6 

2.4 

2.0 

Sx   8 

8.4 

6.8 

5.6 

4.8 

4.0 

3.4 

3.0 

2.6 

2.0 

1.7 

1.4 

1.1 

11 

10 

13.2 

10.6 

8.8 

7.2 

6.0 

5.2 

4.4 

4.0 

3.2 

2.6 

2.2 

2.0 

12 

18.8 

15.2 

12.4 

10.4 

8.8 

7.6 

6.6 

6.0 

4.8 

3.8 

3.0 

2.6 

10x10 

16.4 

13.3 

11.0 

9.2 

7.9 

6.8 

5.9 

5.2 

4.1 

3.3 

2.7 

2.3 

12 

23.7 

19.2 

15.8 

13.3 

11.3 

9.8 

8.5 

7.5 

5.9 

4.6 

4.0 

3.3 

12 

17.0 

13.^ 

11.4 

9.6 

S.1 

7.0 

6.1 

5.4 

4.2 

3.4 

2.8 

2.4 

BXAMFLES. 

(1)  The  span  between  roadway  bearers  of  a  bridge  is  16  feet,  and 
the  timber  available  for  balks  is  4  by  12  inches.  How  many  balks 
will  be  required  in  each  bay  for  a  12-ioot  roadway?  The  table  under 
span  16  and  opposite  size  4  by  12  gives  a  spacing,  center  to  center, 
of  3  feet  between  balks ;  therefore  there  will  be  four  spaces  and  five 
balks  in  each  bay.  If  11-inch  round  timbers  were  available,  the 
spacing  would  be  4  feet  and  there  would  be  three  spaces  and  four 
balks  in  each  bay. 

(2)  The  bays  of  a  bridge  are  to  have  a  span  of  12  feet  and  the 
balks  are  to  be  spaced  4  feet,  center  to  center.  What  sizes  of  balks 
may  be  used? 

Answer.  Blther  9-lnch  round  timbers  or  3  by  12  Inch  rectangular 
beams. 

<3)  The  cap  of  a  pile  bent  is  supported  on  two  piles,  10  feet 
center  to  center,  and  the  bents  are  spaced  15  f^et  center  to  center. 
What  size  of  cap  is  required  ?  Opposite  *'  15.2  feet "  in  column 
"10  feet"  Is  found  the  required  size,  8  by  12  inches,  for  the  cap. 
Intermediate  sizes,  spans,  and  spaces  may  be  found  by  simple  inter- 
polation. 

125.  Wagons  and  Artillery  carriages  bring  concentrated  wheel  loads 
on  the  bridge,  and  for  such  loads  the  foregoing  table  is  not  appli- 
cable. 
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Th<k  following  assumptions  simplify  the  problem,  give  safe  results, 
Mtul  an*  in  accord  with  the  usual  conditions.  The  balks  are  assumed 
to  tH*  so  spaced  that  the  load  of  any  one  wheel  is  transmitted  by  the 
Aoortng:  to  at  least  two  balks. 

When  the  spans  of  the  balks  is  less  than  twice  the  length  of  wheel 
bn«<^  of  the  carriage  the  greatest  strain  occurs  when  the  heayiest 
Wheel  loads  are  at  the  middle  of  the  span.  When  the  span  of  the 
Imlks  is  more  than  twice  the  length  of  wheel  base  of  the  carriage 
Mch  wheel  is  supposed  to  have  a  load  equal  to  the  greatest  wheel 
load  of  the  carriage,  and  the  sfrain  is  greatest  when  the  center  of  the 
carriage  is  at  the  middle  of  the  span. 

For  Light  Artillery  and  Army  wagons  the  heaviest  wheel  load  is 
1.700  poonds.  Add  one-half  the  weight  of  the  flooring  carried  by 
two  balks  and  2,000  pounds  may  be  taken  as  the  concentrated  load 
on  two  balks,  giving  1,000  pounds  on  one  balk,  applied  at  the  middle 
point  if  the  span  is  less  than  twice  the  wheel  base,  and  applied  at 
two  points  6  feet  apart  and  equidistant  from  the  middle  point  if  the 
tpan  is  more  than  twice  the  wheel  base.  In  the  same  way  2,000 
pounds  may  be  taken  as  the  concentrated  load  on  one  balk  for  siege 
Artillery  applied  in  like  manner  with  a  wheel  base  of  8  feet. 

Table  XXXIIl. 

126.  Sizes  of  round  and  rectangular  balks  and  maximum  safe 
•pans  in  feet  for  wagons  and  Artillery. 


Round. 

Rectan- 

Maximum  safe  spans  in 

gi^ar. 

feet  for  4  or  more  balks. 

D 

WaeoDs 
and  light 
artillery. 

Siege 
artiUery. 

Inchet. 

Inches. 

5 
6 

2x6 
8 

4.8 
11.2 

6.'6** 

7 

10 

12.6 

6.6 

12 

15.6 

9.6 

3x6 

7.2 

3.6 

8 

8 

12.6 

6.4 

10 

16.0 

10.0 

9 

12 

20.4 

14.4 

4x6 

9.6 

4.8 

8 

14.5 

8.5 

10 

19.3 

13.3 

12 

25.2 

17.6 

6x6 

13.2 

7.2 

8 

18.8 

12.8 

10 

10 

26.0 

18.0 

12 

34.8 

22.4 

8x8 

23.0 

16.5 

11 

10 

32.5 

21.2 

12 

44.4 

27.2 

12 

10x10 

39.3 

24.6 

12 

52.0 

32.0 

127.  The  floorlno:  must  be  strong  enough  to  transmit  its  load  to  the 
balks,  and  Its  thickness  will  depend  on  the  load  and  on  the  spacing 
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of  the  balks.  Concentrated  wheel  loads  will  cause  the  greatest 
(Stresses,  and  these  ma^r  be  taken  as  1,600  pounds  on  one  wheel  for 
wagons  and  light  artillery  and  3,200  pounds  on  one  wheel  for  siege 
artillery. 

Table  XXXIV. 

128.  Thickness  of  flooring  in  inches  to  carry  wagons  and  artillery 
for  varying  distances  between  balks. 


Distance 
between 
balks  {$. 
in  feet). 

Thickness  of  flooring. 

Wagons  and  light 
artillery. 

Siege  artillery. 

Plank. 
d 

Poles. 
D 

Plank. 

Poles. 

1.0 
1.5 
2.0 
2.5 

3.0 
3.5 
4.0 

Indus. 
1.4 
1.7 
2.0 
2.2 
2.4 
2.6 
2.8 

Inches. 
2.3 
3.2 
3.5 

3.8 
4.0 
4.3 
4.5 

Inches. 
2.0 
2.4 
2.8 
3.2 
3.6 
3.7 
4.0 

Inches, 
3.5 
4.0 
4.4 
4.8 
5.1 
5.4 
5.6 

For  a  footbridge,  the  thickness  of  flooring  in  Inches  may  be  safely 
taken  as  one-half  the  span  between  balks  in  feet,  or  d^^^s, 

129.  Figures  24&-247,  reproduced  by  permission  from  Plate  III, 
War  Department  Document  No.  273,  1906,  show  Interesting  features 
of  field  bridges  built  by  the  Japanese  during  the  Manchurian  war. 
The  use  of  railroad  iron  and  the  yery  general  employment  of  Iron 
dogs  for  fastenings  are  noticeable. 

130.  Tbe  Fink  trass  (figs.  220  and  221)  is  a  superposition  of 
king-post  trusses.  It  is  practicable  in  the  inverted  form  (Aly,  Irat 
may  be  elevated  on  posts  shown  in  figure  221.  In  this  case  all  the> 
posts  are  best  made  of  equal  length  to  form  the  supports  of  the  road- 
way. A  primary  post  supports  the  middle,  which  becomes  a  central 
support  for  two  secondary  trusses,  and  the  two  points  supported  by 
the  secondaiT"  posts  BB,  become  in  turn  supports  for  four  tertiary 
trusses  CC,  ana  so  on.  The  stresses  in  the  primary  truss  are  worked 
out  as  in  paragraph  118.  The  stresses  for  secondary  and  tertiary 
trusses  are  worked  out  In  the  same  way,  taking  oim-half  the  load  on 
the  bridge  for  the  secondaries  and  one-fourth  for  tie  tertiaries.  The 
details  of  fastenings  are  shown  in  figure  220. 

131.  Tlte  Howe  truss  (fig.  226). — ^This  useful  form  consists  of 
two  parallel  chords,  usually  continuous  built-up  beams,  divided  by 
posts  in  tension  into  equal  panels,  each  of  which  has  diagonals  in  com* 
pression.  The  upper  chord  is  in  compression,  the  lower  in  tension. 
Each  chord  is  made  up  of  three  or  more  parallel  timbers  of  uniform 
size,  with  lengths  adapted  to  properly  distribute  the  splices.  The 
timbers  are  separated  by  the  diameter  of  the  largest  rods,  so  that  the 
latter  may  pass  through  the  spaces.  The  main  braces  are  one  less  in. 
number  than  the  pieces  In  the  chord  and  abut,  top  and  bottom, 
against  angle  blocks  of  metal  or  hard  wood,  triangular  in  section  and 
extending  entirely  across  the  chord.  Against  these  blocks  the  counter 
braces,  one  less  in  number  than  the  main  braces,  also  abut.    The  ver- 
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ileal  rods  of  each  post  are  equal  In  number  to  the  main  braces.  The 
relative  positions  of  members  at  the  panel  points  are  shown  In  figures 
227  and  228.  In  permanent  structures  a  cast-iron  angle  block  is  gen- 
erally used.  The  ends  of  struts  abut  squarely  against  the  ends  of  the 
block  and  are  kept  in  place  by  tightening  up  the  nuts  on  the  rods. 
Iron  angle  blocks  are  formed  to  hold  the  braces  in  place  even  if 
slightly  loose.  When  wooden  blocks  are  used,  cleats  should  be  nailed 
on  or  dowels  inserted  in  the  ends  of  the  braces  for  the  same  purpose. 
The  timbers  of  the  Howe  truss  are  all  square-sawed  and  have  no  mor- 
tises or  tenons. 

132.  The  stresses  in  a  chord  of  a  Howe  truss  are  a  maximum  at 
the  center  and  when  the  truss  is  loaded  throughout  its  length.  This 
maximum  stress  >=  the  total  load  on  the  bridge  X  span  in  feet  -t-  16 
times  height  of  truss  in  feet. 

The  chord  stress  in  the  end  panels  will  not  exceed  one-fourth  the 
load  on  the  bridge  unless  the  length  of  the  panel  is  greater  than  its 
height,  which  should  never  be  the  case.  Between  tiiese  lower  and 
higher  limits  the  chord  stresses  vary,  but  not  by  equal  increments. 
The  change  is  more  rapid  near  the  ends  and  less  so  toward  the  middle. 
For  wooden  trusses,  convenience  in  framing  requires  that  all  chord 
pieces  have  one  dimension  the  same,  and  it  is  not  customary  to  make 
more  than  one  change  in  the  aggregate  chord  sections.  This  is  done 
by  bolting  extra  timbers  on  each  side  of  the  lower  chord  over  its 
middle  third. 

133.  The  stresses  in  the  braces  are  greatest  at  the  ends  and  least  in 
the  middle.  The  maximum  stress  in  the  end  trace  is  one-fourth  the 
load  on  the  bridge  divided  by  the  length  of  the  post  and  multiplied  by 
the  length  of  the  brace.  It  will  not  exceed  one-third  of  the  total  load 
on  the  bridge,  unless  the  panel  height  is  less  than  the  panel  length, 
which  should  never  be  permitted.  The  maximum  stress  in  the  middle 
brace  will  not  exceed  one-half  the  total  load  on  one  panel  of  the  bridge, 
divided  by  the  length  of  the  post  and  multiplied  by  the  length  of  €ie 
brace.  Between  thepe  limits  the  stresses  in  the  braces  yary  uni- 
formly. 

134.  Th«  stresses  in  verticals  are  greatest  at  the  ends  and  least  in 
the  middle.  The  maximum  stress  in  an  end  rod  will  not  exceed  one* 
fourth  of  the  total  load  on  the  bridge.  The  maximum  stress  in  a 
middle  rod  will  not  exceed  three-fourths  of  the  total  load  on  one 
panel.     Between  these  limits  the  stresses  in  verticals  vary  uniformly. 

The  stresses  in  counter  braces »  commonly  called  counters,  depend 
upon  the  ratio  of  live  to  dead  load  per  unit  of  length,  and  the  distri- 
bution of  the  live  load  on  the  bridge.  With  the  live  load  uniformly 
distributed  over  the  entire  length,  there  are  no  stresses  in  the  count- 
ers. For  the  bridge  partially  loaded,  the  maximum  (Presses  in 
counters  are  in  the  center  panels  and  diminish  rapidly  toward  the 
ends. 

The  assumption  that  the  maximum  uniformly  distributed  live  lo&d 
will  not  exceed  the  maximum  uniformly  distributed  dead  load  per 
unit  of  length  is  safe  for  military  truss  bridges  of  75  to  100  feet,  or 
6,  8,  and  10  panels  in  length.  Under  thi^  assumption,  the  6-panel 
truss  needs  no  counters. 

The  8-panel  truss  requires  counters  In  the  panels  adjacent  to  the 
center  of  one*fourth  the  strength  of  the  main  diagonals  in  the  same 
panels.     No  other  counters  are  required. 

The  10-panel  truss  requires  counters  in  the  same  panels  of  one-half 
the  strength  of  the  main  diagonals.     No  other  counters  are  required. 

For  a  ratio  of  live  to  dead  loads  of  2  to  1  the  6-panel  truss  requires 
counters  in  the  middle  panels  of  one-third  the  strength  of  the  corre- 
sponding main  diagonals ;  the  8-panel  truss  requires  counters  in  the 
same  papels  of  two-thirds  the  strength  of  the  main  diagonals,  and 
the  10-paneI  truss  requires  counters  in  the  same  panels  of  equal 
strength  with  the  main  diagonals. 
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For  ratios  greater  than  2  to  1,  and  especially  •  for  rapidly  moving 
live  loads,  the  center  counters  should  be  equal  to  the  main  diagonals, 
and  counters  of  half  the  size  should  be  placed  in  the  next  panels 
toward  the  ends. 

These  rules  apply  principally  to  trusses  in  which  the  inclined  mem* 
bers  are  of  metal  and  for  which  the  areas  can  be  convenlentlv  varied. 
In  the  Howe  truss  convenience  of  framing  has  made  it  the  nsual 
practice  to  put  counters  of  uniform  sise  In  all  panels. 

Table  XXXV. 

135.  DlmenBlona  for  each  of  two  Howe  trasses  of  a  single- 
track  railroad  brldfpe.  Authority,  Trautwlne.  Working  stress  of 
timber,  800  pounds  per  square  inch.  Working  stress  of  iron,  12,500 
pounds  per  square  Inch.  The  middle  third  of  each  lower  chord  must 
be  reenforced  by  one-sixth  of  the  cross  section  given  in  the  table. 


CO 


Ft 

25 

50 

75 

100 

125 

150 

175 

200 


9 

Pi 


Ft. 
6 
9 
12 
15 
18 
21 
24 
27 


8 
9 
10 
11 
12 
13 
14 
15 


Upper 
chord. 


GQ 


/tw. 
5x  6 
6z  9 
6x12 
6x14 
6x14 
8x14 
10x16 
12x16 


Lower 
chord. 


3 
3 
3 
3 
4 
4 
4 
4 


Tna. 
5x12 
6x14 
6x14 
6x16 
6x16 
8x18 
10x20 
12x20 


End 
brace. 


.1 

A4 


2 
2 
2 
2 
2 
3 
3 
3 


I'M. 

&X   8 

6x   9 

6x11 

8x12 

9x14 

8x14 

8x15 

9x16 


Center 
brace. 


3 
2 
2 
2 
2 
3 
3 
3 


GQ 


I'M, 

5x  6 
5x  8 
6x  8 
6x10 
6x12 
6x10 
8x10 
8x14 


Counter. 


1 

1 
1 
1 
1 
2 
2 
2 


I 

00 


Tns. 
5z  6 
5x  8 
6x  8 
6x10 
6x12 
6x10 
8x10 
8x14 


End 
rod. 


2 
2 
2 
2 
2 
3 
3 
3 


00 


Center 
rod. 


(^ 


2 
2 
2 
2 
2 
3 
3 
3 


.a 

GQ 


iTUt. 


The  above  dimensions  will  be  safe  for  a  double-track  highway 
bridge  of  the  same  span,  or  for  a  single-track  highway  bridge  of  one 
and  a  half  times  the  span,  the  number  of  panels  being  increased  one- 
half.  Spans  greater  than  150  feet  should  not  be  attempted  in  the 
field  unless  the  difficulty  of  obtaining-  an  intermediate  support  is  very 
great. 

The  end  posts  and  the  upper  chords  and  counters  of  the  end  panels 
of  the  Howe  truss  are  not  necessary  and  are  frequently  omitted. 
Figure  231  shows  the  details  of  a  50-foot  truss  so  designed. 

136.  The  safety  of  ea^isting  bridges  may  be  tested  by  the  rules  for 
maximum  stresses  given  above.     Thus : 

If  the  Pratt  type  be  adopted,  the  ends  of  the  posts  must  be  simllafly 
secured.  For  the  loaded  chords  the  road  transoms  serve  as  posts  of  a 
Pratt  truss,  wMch  may  be  completed  by  adding  the  iron  ties  and  with- 
out boring  the  chords.  The  ends  of  the  transoms  are  shaped  as  angle 
blocks. 

Generally  the  Pratt  type  will  be  best  for  the  loaded  chords  and  the 
Howe  for  the  other  lateral. 

Unless  the  main  truss  is  higher  than  the  required  head  room  on  the 
bridge,  the  roadway  must  be  placed  on  the  upper  chords,  or  else  the 
trusses  must  be  steadied  by  braces  from  the  floor  transoms,  made  longer 
and  extending  outside  the  trusses  for  that  purpose  (fig.  232) . 
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span  in  thickness.  These  three  transoms  should  extend  beyond  the 
trusses  to  receive  steady  braces.  The  second,  third,  and  fourth  tran- 
soms on  each  side  of  the  middle  will  be  hung  below  the  chord  by 
bolts  or  lashings,  with  clear  Intervals  between  bottom  of  chord  and 
top  of  transom  of  0.016,  0.038,  and  0.062  of  the  span,  respectively ; 
this  arrangement  gives  a  camber  of  one  thirty-fifth  of  the  span. 

The  three  floor  systems  described  are  shown  In  figure  234.  If  di- 
mension timbers  can  not  be  had  for  transoms,  they  may  be  made  by 
nailing  inch  boards  together.  If  such  timbers  are  used,  they  must  be 
set  with  the  boards  on  edge  and  stayed  against  lateral  bending. 

143.  The  lattice  tmmm  (fig.  236)  may  be  built  entirely  of  2  or  3 
Inch  planks  and  wooden  pins.  The  latter  will  not  be  used  if  belts  can 
be  had. 

The  disposition  of  material  is  clearly  shown  In  the  drawing.  If 
there  are  three  sets  of  planks,  the  pairs  must  be  in  the  position  of 
braces  and  the  single  planks  of  counter  braces.  The  planks  are  2  or 
3  inches  thick  and  9  to  12  inches  wide,  according  to  tne  span.  They 
are  placed  about  2|  feet  apart,  measured  along  the  edges.  Two  to 
four  pins  or  bolts,  depending  on  width  of  plank,  are  placed  at  each 
Intersection.  The  chords  are  formed  of  planks  or  timbers,  with  an 
aggregate  cross  section  determined  by  the  general  rule  for  trusses, 
paragraph  132  and  are  pinned  or  bolted  to  the  upper  and  lower  edges 
of  the  lattice  as  indicated. 

If  the  roadway  be  on  the  lower  chord,  its  upper  edge  must  be  so 
placed  that  the  transom  can  pass  through  the  lattice  and  rest  on  it. 

The  lateral  hracinff  may  be  as  described  for  other  trusses,  and  Is 
very  important,  as  a  chief  defect  of  the  lattice  truss  is  tts  lack  of 
lateral  stiffness. 

The  lattice  truss  may  be  used  for  highway  bridges  up  to  160  feet 
span  with  depth  of  one-sixth  the  span. 

SUSPENSION  BRIDGES. 

144.  In  this  tvpe  of  bridge  the  roadway  is  hung  to  two  or  more 
cables  stretched  from  bank  to  bank,  with,  their  ends  attached  to  fasten- 
ings called  aaichorsigea.  The  cables  are  allowed  to  sag;  the  greater 
the  sag  the  less  tne  tension,  but  the  more  the  vibration.  A  sag  of 
one-seventh  to  one-twelfth  the  span  Is  the  best  for  field  bridges.  This 
fraction  will  be  referred  to  as  the  ratio  of  deflection.  The  cables  are 
usually  passed  over  elevated  supports  called  towers,  to  keep  their 
lowest  point  above  the  roadway.  The  parts  of  the  cable  between  the 
towers  and  the  anchorages  are  called  otickstays.  The  connection  be- 
tween cables  and  roadway  is  by  rods  called  suspenders,  ties,  or  slings. 
The  latter  designation  will  be  used.  There  is  a  sling  at  each  end  of 
each  transom. 

The  principal  features  of  a  suspension  bridge  are  indicated  in 
figure  237. 

145.  In  military  fleld  operations  the  suspension  bridge  is  best 
adapted  to  light  loads  or  long  spans  or  the  two  combined.  The  con- 
struction of  a  suspension  bridge  for  heavy  traffic  will  usually  be 
Impracticable  with  field  equipment.  When  materials  for  nonfloating 
bridge  must  be  carried  with  a  column,  the  suspension  type  is  best, 
because  it  is  lightest  for  a  given  capacity  and  its  materials  are 
divisible  into  small  portions  for  transportation. 
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Taitiu  River  Bfidgo  A, 
n^.  245. 


Taitiu  River  Bridge 
Fig-  2-17, 
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Table  XXXVII. 

146.  Data     for     calculating     main     cables     for     •aspenslon 

brldgres)  authority,  Trautwlne : 


Deflec- 
tion in 
parts 
of  the 
chord. 

Length  of 

main  cable 

between 

towers  in 

parts  of 

chord. 

Tension  on  all 
the  main  cables 
at  either  tower 
in  parts  of 
entire  sus- 
pended weight 
of  bridge  and 
its  load. 

Tension  at 

the  center 

of  all  main 

cables  in 

parts 
of  entire 
weight. 

Angle  of 

direction  of 

cables  at 

piers— 

ul— angle 

made  by 

eable  with 

horizontal. 

Radius- 
deflection 
multiplied 
by- 

1 

2 

3 

4 

5 

6 

1.012 
1.013 
1.016 
1.018 
1.022 
1.026 
1.033 
1.041 
1.053 
1.070 
1.098 

1.94 
1.82 
1.70 
1.57 
1.46 
1.35 
1.23 
1.12 
1.01 
.90 
.80 

1.870 

1.740 

1.620 

1.490 

1.370 

1  250 

1.120 

1.000 

.881 

.760 

.625 

14  55 

15  57 

17  6 

18  33 

19  59 
.21    48 

23    58 
26    33 
29    45 
33    41 
38    40 

28.625 

25.00U 

21.625 

18.500 

15.625 

13.000 

10.625 

8.500 

6. 625 

5.000 

8.625 

The  above  table  is  based  on  the  assumption  that  the  cnnre  of  the 
main  cables  is  a  parabola,  which  is  not  strictly  correct,  though  near 
enough  for  all  practical  purposes.  For  ratios  of  deflection  in  the 
table,  the  curve  is  practically  the  segment  of  a  circle,  the  radius  of 
which  may  be  taken  from  t^e  sirth  column  of  the  table. 

147.  Haying  the  apan  and  total  Iwe  load  on  the  bridge,  to  determine 
the  total  area  of  the  cables,  compute  the  dead  load  as  in  paragraph  4 ; 
add  the  live  load  to  it  and  multiply  the  sum  by  the  factor  in  column  3 
of  the  table  corresponding  to  the  adopted  ratio  of  deflection.  Multiply 
this  result  by  the  factor  of  safety.  The  product  will  be  the  ultimate 
strength  which  all  the  cables  together  should  have.  This  divided  by 
the  number  of  cables  to  be  used  gives  the  ultimate  tensile  strength  of 
each  one,  and  its  size  and  composition  may  be  determined  from  Tables 
X,  XI.  or  XXXVIII.  A  lower  factor  of  safety  is  admissible  for  wire 
than  ifor  most  other  materials,  as  it  Is  very  homogeneous  in  structure. 
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148.   Composition  of  main  cables  of  suspension  'brldgres; 

factor  of  safety  21 ;  live  load  200  pounds  per  linear  foot ;  dead  load 
100  pounds  per  linear  foot ;  ratio  of  deflection  ^. 


Number  of 

Span. 

strands  of 
|-inch  wire  rope 
m  main  cables. 

Number  of  parallel  steel  wires  in  main  cables. 

Iron. 

Steel. 

No.  6. 

No.  7. 

No.  8. 

No.  9. 

No.  10. 

No.  11. 

No.  12. 

Feet. 

45 

4 

2 

14 

16 

20 

24 

28 

34 

42 

60 

4 

2 

18 

22 

24 

30 

36 

46 

56 

75 

4 

2 

22 

26 

32 

38 

44 

56 

70 

90 

4 

2 

28 

32 

38 

44 

54 

70 

84 

105 

4 

32 

38 

44 

52 

64 

80 

98 

120 

6 

36 

42 

50 

60  . 

72 

90 

112 

135 

6 

40 

48 

56 

68 

80 

100 

122 

150 

8 

46 

.  54 

62 

74 

90 

112 

140 

165 

8 

50 

58 

68 

82 

100 

124 

154 

180 

8 

54 

64 

76 

90 

110 

136 

170 

195 

10 

6 

58 

70 

80 

98 

118 

146 

182 

For  any  other  ratio  of  deflection,  less  than  ^,  increase  the  tabular 
numbers  by  f  for  each  unit  of  the  denominator  above  7.  For  other 
loads,  greater  or  less,  Increase  or  decrease  the  tabular  numbers 
pro  rata. 

Example  t  How  many  No.  8  steel  wires  are  required  for  the  main 
cables  of  a  bridge  of  105  feet  span,  ratio  of  deflection  ^,  and  a  gross 
load,  live  and  dead,  of  600  pounds  per  linear  foot? 

From  the  table,  105  feet  span.  No.  8  steel  wire,  take  44.  Add  for 
change  of  ratio  of  deflection  from  ^f  to  i>ty,  f  or  i,  making  688.  For 
change  from  300  to  600  pounds  load  multiply  by  2,  making  117^: 
Take  next  even  number  above,  118,  which  is  the  number  required. 
If  two  cables  are  used,  make  each  of  59  wires. 

149.  Tension  on  backstays. — If  the  cables  are  free  to  move  on 
the  tops  of  the  towers,  the  tension  on  the  backstays  will  always  be 
the  same  as  that  on  the  cable.  In  this  case  the  towers  are  stationary 
and  should  be  massive 

If  the  cables  are  fixed  to  the  tops  of  the  towers,  the  tension  on  the 
backstays  will  be  equal  to,  less  than,  or  greater  than  the  tension  on 
the  cable,  accordingly  as  the  slope  of  the  backstay  at  the  top  of  the 
tower  is  equal  to,  less  than,  or  greater  than  the  slope  of  th4  cable. 
It  is  usually  best  to  make  these  slopes  equal. 

150.  Stresses  on  the  to'wers. — ^When  the  slopes  of  cables  and 
backstays  are  equal,  the  stresses  on  each  tower  will  be  vertical  and 
equal  to  the  entire  weight  and  load  of  the  clear  span. 

When  these  slopes  are  unequal  the  pressure  on  the  towers  will  be 
oblique.  If  the  slope  of  the  backstay  is  less  than  that  of  the  cable, 
the  tower  will  tend  to  revolve  or  slide  toward  the  anchorage,  and  the 
pressure  on  each  tower  will  be  less  than  the  weight  and  load  of  clear 
span.  If  the  slope  of  the  backstay  is  greater  than  that  of  the  cable, 
the  towers  will  tend  to  revolve  or  slide  toward  each  other,  and  the 
stresses  in  each  will  be  greater  than  the  weight  and  load  of  clear 
span. 
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When  possible,  the  horizontal  distance  from  the  foot  of  a  tower  to 
the  corresponding  backstay  should  be  one-fourth  of  the  clear  span  or 
greater.  In  such  case  the  tension  on  the  backstay  will  not  exceed 
that  on  the  cable,  and  the  pressure  on  the  tower  will  not  exceed  the 
total  weight  and  load  of  the  clear  span. 

151.  BfaJciniP  cables. — Three-quarter  Inch  wire  rope  weighing  92 
pounds  to  the  100  feet  can  usually  be  carried  in  lengths  sufficient 
for  practicable  suspension  spans,  and  will  be  the  most  convenient 
form. 

If  ordinary  wire  must  be  used,  cables  can  be  made  by  stretching 
wires — seven  is  a  good  number— close  together  and  under  equal  strain 
and  binding  them  together  at  Intervals  of  a  foot  with  marline  or  wire. 
If  short  cables  &ve  required,  time  may  be  saved  by  making  one  of  two 
or  more  times  the  length  and  cutting  it  in  pieces, 

152.  Anchoragres. — These  are  of  prime  importance  and  must  be 
secure  and  as  rigid  as  possible.  Their  character  will  often  be  de- 
termined by  accidents  or  the  site.  When  the  stumps  of  large  trees 
are  available  they  will  usually  be  chosen.  Ledge  rock  or  large 
bowlders  are  the  best,  but  require  care  and  some  skill  in  making  the 
fastenings.  Heavy  staples  leaded  or  wedged  into  holes  drilled  into 
the  rock  will  usually  be  most  convenient.  If  Portland  cement  can  be 
had,  a  grouting  will  hold  the  Iron  firmly  after  it  is  set.  See  also  de- 
scription of  deadman,  paragraph  60. 

153.  Towers. — Large  trees  will  be  used  if  available,  otherwise 
trestles  of  timber ;  see  paragraph  64.  With  high  bajo^a  it  may  be 
feasible  to  start  the  cables  from  the  surface  of  the  ground  or  a  short 
distance  above  it  and  provide  approaches  to  a  depressed  roadway  as 
indicated  in  figure  23o.  For  low  banks  the  roadway  must  be  kept 
above  the  grade  as  in  figure  239,  the  backstay  carrying  it  beyond  tne 
tower. 

The  towers  must  be  high  enough  to  bring  the  supports  of  the  cables 
called  saddles  above  the  level  of  the  roadway  at  the  tower  by  the  de- 
sired deflection  plus  one-fiftieth  of  the  span ;  see  paragraph  142. 

154.  Placlnir  cables  may  be  done  by  hauling  across  tops  of 
towers,  or  by  laying  out  cable  from  one  anchorage  to  the  other  and 
raising  the  bights  to  the  tops  of  the  towers  by  shear  poles  (fig.  240). 
The  cable  should  hang  in  a  bridle  (fig.  241).  In  the  former  case  the 
cable  will  usually  have  to  be  slushed,  which  is  an  inconvenience  in 
the  subsequent  operations. 

The  saddle  should  be  a  smooth,  firm  bearing,  sufficient  to  take  all 
the  cables  side  by  side.  In  binding  the  small  cables  together  to  form 
a  larger  one,  adopt  the  most  compact  arrangement,  the  outside  strands 
as  they  lie  side  by  side  on  the  saddle  generally  going  into  the  upper 
half  and  the  central  ones  Into  the  lower  half  of  the  complete  cable ; 
and  note  carefully  that  the  arrangement  is  Identical  at  all  points,  so 
that  the  strands  do  not  ride  or  cross  each  other  anywhere.  The 
bunching  should  Include  the  backstays,  but  need  not  be  carried  across 
the  towers,  leaving  the  strands  flat  on  the  saddles.  Several  groupings 
are  illustrated  in  figure  242. 

In  either  method  of  placing,  the  cables  should  be  permanently 
fastened  at  one  end  and  be  connected  with  the  anchorage  at  the  other 
end  by  a  luff  tackle,  to  be  used  in  adjusting  the  length.  When  the  ad- 
justment is  finished,  this  end  is  made  permanently  fast  and  the  tackle 
removed. 

155.  In  clear  weather  the  dip  of  the  cables  may  be  determined  by 
direct  observation.  Fix  the  elevation  of  the  bottom  of  the  transom 
at  each  tower,  and  above  it,  a  distance  equal  to  one-fiftieth  of  the 
span,  fasten  a  batten  or  stretch  a  line  horixontally.  Adjust  the  cable 
so  that  its  lowest  point  ranges  between  the  battens  or  lines. 

If  wind,  fog,  or  darkness  prevents  this  operation,  lay  the  cables  out 
side  by  side  before  they  are  hoisted  up,  and  put  them  under  as  uni- 
form strain  as  possible.  Mark  each  with  a  few  turns  of  soft  wire,  as 
near  the  point  where  it  will  rest  on  the  saddles  as  can  be  computed. 
The  distance  between  marks  on  all  the  cables  must  be  exactly  the 
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same.  When  the  cables  are  In  place,  adjust  them  so  that  these  marks 
coincide,  and  the  deflections  will  be  sufficiently  uniform  to  develop  the 
combined  strength  of  the  strands. 

156.  Liengrths  of  «llngr«  depend  upon  the  curve  of  the  main  cables 
and  the  camber  of  the  roadway.  The  latter  must  be  liberal  In  field 
suspension  bridges.  The  cables  will  stretch,  especially  those  made  of 
wire  rope,  and  the  anchorages  and  tower  footings  will  give  more  or 
less.     One-flftieth  of  the  span  will  usually  be  enough. 

The  lengths  of  slings  are  reckoned  from  the  cable  to  the  lower  side 
of  the  transoms  In  a  vertical  line  (fig.  243).  They  must  be  determined 
in  advance  and  adhered  to  during  construction,  regardless  of  the  ap- 
pearance of  the  bridge  when  partially  done.  When  the  roadway  is 
completed  the  distortion  will  disappear. 

From  the  following  table  the  lengths  of  slings  at  intervals  of  one- 
twentieth  of  the  span,  starting  from  the  middle,  may  be  readily  deter- 
mined. 

Tablb  XXXIX. 

157.  From  the  line  corresponding  to  the  ratio  of  deflection  take  out 
the  successive  factors  and  multiply  each  by  the  span  in  feet.  The  re« 
salts  will  be  the  lengths  of  slings  in  feet  at  the  corresponding  points 
on  each  8ide  of  the  middle. 

As  the  length  of  the  middle  sling  is  0,  the  middle  transom  will  rest 
directly  on  the  cable.  If  transoms  are  not  of  same  depth,  allowance 
must  be  made  for  the  difference. 

Note  especially  that  these  tabular  lengths  do  not  include  any  fas- 
tenings. Be  sure  to  add  enough  for  that  purpose,  but  when  the  fasten- 
ings are  made  see  to  it  that  the  distance  from  cable  to  bottom  of 
transom  is  precisely  the  corresponding  tabular  distance. 

In  this  table  allowance  is  made  for  a  camber  of  one-flftieth  of  the 
span  in  two  straight  lines  from  the  ends  to  the  middle. 


Ra- 
tio 
of 
de- 
flec- 
tion. 

Distance  of  sling  from  center  in  parts  of  span. 

0.05 

0.1 

0.15 

0.2 

0.25 

0.3 

0.35 

0.4 

0.45 

0.0030 
.0034 
.0032 
.0032 
.0080 
.0020 
.0028 
.0028 
.0027 
.0027 

0.0107 
.0097 
.0090 
.0084 
.0080 
.0076 
.0073 
.0071 
.0069 
.0067 

0.0209 
.0188 
.0172 
.0160 
.0150 
.0142 
.0135 
.0129 
.0124 
.0120 

0.0346 
.0308 
.0280 
.0258 
.0240 
.0226 
.0214 
.0203 
.0194 
.0187 

0.0516 
.0456 
.0412 
.0877 
.0350 
.0327 
.0308 
.0292 
.0278 
.0267 

0.0720 
.0634 
.0570 
.0510 
.0480 
.0447 
.0420 
.0397 
.0377 
.0360 

0.0953. 
.0840 
.0752 
.0684 
.0630 
.0585 

.  .0548 
.0517 
.0490 
.0467 

0.1267 
.1074 
.0960 
.0871 
.0800 
.0742 
.0093 
.0652 
.0617 
.0587 

0.1529 
.1336 
.1192 
.1080 
.0990 
.0916 
.0855 
.0803 
.0759 
.0720 

158.  Form  and  strentrth  of  filinir«* — Wire  will  usually  be  the 
material  used.  The  load  on  each  sling  may  be  taken  as  the  total  load, 
live  and  dead,  divided  by  the  number  of  slings.  It  Is  really  somewhat 
less.  Knowing  the  size  of  wire  on  hand,  divide  the  number  of  wires 
of  that  size  wnich  are  used  or  would  be  required  for  the  main  cables. 
Table  XXXVIII,  by  the  number  of  slings.  The  quotient  will  be  the 
number  of  wires  of  that  size  which  should  be  in  each  sling. 

The  slings  may  be  made  single  and  fastened  at  top  and  bottom  by 
loops  around  cable  and  transom,  or,  more  conveniently,  made  of  half 
-ize  and  double  length,  taking  a  round  turn  on  the  cable  at  the  middle. 
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bringing  the  two  ends  around  the  transom  in  opposite  directions  and 
twisting  them  together  on  top  of  it  (fig.  243). 

A  very  useful  attachment  of  wire  to  wood  is  made  by  means  of  a 
nail  or  spike  partly  driren  beside  the  wire  and  the  head  bent  over  so  as 
to  embrace  the  wire  like  a  staple.  A  staple,  if  available,  is  of  course 
better. 

159*.  Construction  of  the  roadway. — A  transom  will  hang  in 
each  pair  of  slings.  On  the  transoms  lay  longitudinal  stringers  of 
number  and  size  determined  by  the  load,  length  of  bay,  and  materials 
available,  see  paragraph  8.  The  stringers  should  be  long  and  should 
lap  3  feet  or  more  and  be  firmly  lashed  or  spiked  together ;  the  lap 
need  not  be  on  a  transom,  but  is  better  near  one.  On  the  stringers 
the  planks  are  placed  and  spiked  down  or  held  bv  side  rails. 

Place  the  first  pair  of  slings  on  the  cables,  taking  the  turns  loosely 
so  that  they  will  slide.  Sling  the  first  transom  so  that  its  bottom  shall 
be  the  calculated  distance  from  the  cable  measured  along  the  sling. 
Fasten  two  stringers  to  it  and  push  it  out,  the  slings  sliding  on  tne 
cables,  until  the  transom  is  in  its  proper  position  and  the  slings  verti- 
cal. Crimp  the  turns  at  the  top  and  place  the  second  pair  of  slings 
and  transom  in  the  same  way.    Follow  up  with  stringers  and  planks. 

160.  A  hand  rail  should  be  provided,  and  a  screen  on  each  side 
of  brush  or  other  light  materials  will  be  useful. 

161.  Suspension  bridges  change  their  shape  vertically  and  lat- 
erally from  the  live  load  and  from  wind  pressure.  Vertical  distor- 
tions-are referred  to  as  undulations  and  lateral  ones  as  oacUlations, 
Undulations  result  principally  from  changes  in  the  moving  load  and 
to  a  less  extent  from  the  vertical  component  of  wind  pressure. 
Oscillations  are  caused  principally  by  horizontal  wind  pressures  and 
in  a  lesser  degree  by  the  moving  load.  Both  must  be  kept  within 
email  limits,  undulations  mav  be  reduced  by  making  the  handrail 
or  balustrade  fairly  high  and  trussing  it  lightly  (fig  244)  ;  also 
by  using  deep  stringers  well  lapped  and  fastened  so  as  to  be  prac- 
tically continuous. 

Oscillations  may  be  reduced  by  placing  the  cables  farther  apart 
at  the  towers  and  drawing  them  in  at  the  center.  This  will  affect 
the  length  of  slings,  but  not  seriously.  Also  by  a  lateral  truss 
tinder  'the  roadway,  using  the  transoms  for  posts  and  adding  diag- 
onal ties  or  braces.     (See  par.  129.)  ^ 

Both  undulations  and  oscillations  may  be  controlled  by  guys 
attached  to  the  roadway  and  carried  inshore  and  up  and  down 
B^eam  to  secure  fastenings. 

162.  Rail-way  brldflre*. — With  proper  assumptions  as  to  loads 
(see  par.  5),  the  foregoing  rules  for  designing  and  proportioning  the 
several  types  of  bridges  will  give  safe  structures  for  railway  traffic. 
(See  also  pars.  43,  67,  and  120  and  Tables  XX  and  XXXV. 

A  railroad  bridge  should  not  be  built  on  an  incline  if  it  can  be 
avoided.  The  approaches  at  each  end  should  be  straight  and  nearly 
level   for  a  distance  equal   to  at   least   twice   the   maximum   train 

Foundations  must  be  especially  unyielding,  as  settlement  is  more 
troublesome  than  in  other  bridges. 

For  a  single-track  standard-gauge  railway  bridge,  the  clear  width 
between  trusses  or  girders  should  be  14  feet.  In  double-track  bridges 
the  distance  from  c.  to  c.  of  tracks  must  not  be  less  than  13  feet. 
No  part  of  the  truss  may  be  less  than  7  feet  from  the  center  of  the 
nearest  track,  at  a  height  exceeding  1   foot  above  the  rail. 

The  clear  headroom  must  be  21  feet  above  the  base  of  the  rail 
for  a  width  of  6  feet  over  each  track. 

Stringers  are  put  under  the  rails  and  are  best  made  in  two  or 
moie  pieces  long  enough  to  span  two  bays  and  breaking  joints.  The 
pieces  are  separated  about  2  inches  by  blocks  and  well  bolted  to- 
gether. Ties  are  placed  18  to  24  inches  c.  to  c,  and  every  third 
or  fourth  one  should  be  spiked  to  the  stringers.  A  guardrail  should 
be  placed  along  the  ends  of  the  ties,  and  it  is  better  to  place  under 
the  tie  a  lighter  stringer  and  bolt  the  guardrails  to  it. 
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1.  Military  road  maklnar  will,  in  most  cases,  be  a  question  of 
repairing  existing  roads  to  make  them  temporarily  passable,  tbe  work 
to  be  done  in  tbe  shortest  possible  time.  Labor  is  likely  to  be  plenti- 
ful, thooc^  not  the  most  efficient.  Machinery  and  transportation  will 
be  scarce.  Materials  actually  on  the  line  or  very  near  it  must  be 
used.  To  decide  upon  the  best  plan  under  such  circumstances,  and 
to  carry  it  out  most  successfully,  it  will  be  helpful  to  have  a  general 
knowledge  of  the  conditions  which  make  good  roads  and  those  which, 
make  bad  ones,  and  of  the  best  methods  of  converting  the  latter  lata 
the  former,  or,  in  other  words,  of  the  principles  of  road  construction. 
These  principles  are  the  same  for  all  roads,  though  the  practice  re* 
suiting  from  their  application  may  differ  in  military  roads  from  that 
considered  best  for  civil  roads. 

2.  Tl&e  •apportlagr  po-vrer  of  cohesive  compacted  earth,  moist 
but  not  wet,  is  sufficient  to  bear  without  objectionable  indentation 
the  weights  on  hoofs  and  wheels  which  result  from  ordinary  high- 
way traffic.  The  supporting  power  of  the  same  earth  when  thor- 
oughly wet  is  only  about  one-tnirtieth  as  much,  and  is  not  sufficient 
to  carry  the  weights  on  hoofs  and  wheels  until  the  wagons  have  sunk 
to  their  axles  and  the  animals  to  their  bellies,  when  traffic  becomee 
impossible.  Between  these  extremes  lie  many  gradations  of  good  and 
bad  roads. 

3.  Civil  roads  are  also  rated  as  bad  when  the  surface,  though  hard* 
is  rough,  as  when  there  are  projecting  bowlders  or  ledges  of  rock 
crossing  the  road,  or  stumps  or  roots  in  the  way ;  and  also  when  any 
of  the  grades  exceed  the  limit  at  which  a  team  can  pull  its  own  load. 

As  to  roughness,  its  principal  effect  is  to  increase  the  wear  and 
tear  of  vehicles  and  the  discomfort  of  passengers,  and  to  prevent  a 
faster  gait  than  a  walk ;  hence  it  is  of  secondary  importance  for  mili- 
tary traffic.  As  to  gradients,  it  is  to  be  remembered  that  army  trans- 
portation is  always  in  trains,  so  that  teams  can  be  doubled  whea 
necessary,  and*  also  tiiat  there  is  usually  an  ample  supply  of  labor  in 
reach  so  that  loads  can  be  broken.  Within  the  limits  of  possible 
wheel  transportation,  steep  gradients  alone  may  delay  military  traffic, 
bnt  can  not  stop  it. 

Bxtenslve  work  for  reduction  of  grades  will  rarely  be  worth'  while 
so  long  as  the  prevailing  natural  grades  do  not  exceed  3^,  and  the 
maximum  are  short  and  not  steeper  than  6**.  Rolling  country,  classed 
as  decidedly  rough,  will  be  found  within  these  limits. 

For  long  grades,  as  in  mountain  roads,  considerable  work  may  be 
profitably  expended  in  keeping  prevailing  grades  within  2°,  with  a 
maximum  of  not  more  than  4*^  on  short  ones. 

4.  The  paranMvant  tiaestloa  to  be  dealt  with  will  be  the  sup- 
porting power  of  the  roadbed  as  affected  by  water.  This  supporting 
power  will  be  a  maximum  when  the  soil  is  sufficiently  damp  to  com- 
pact well  and  yet  not  wet  enough  to  yield  considerably  under  tlw 
pressure.  It  is  not  desirable  to  remove  all  the  moisture  from  the 
soil,  because  if  this  is  done  it  loses  its  compacting  power,  and  any 
particles  dislodged  from  cohesion  to  adjacent  ones  remain  on  the  sur^ 
race  in  a  friable  condition,  refusing  to  reunite  under  pressure  until 
moisture  Is  supplied. 

The  •npportlnar  p«rwer  of  wet  earth  may  be  increased  in  two 
ways :  First,  by  removing  the  surplus  water  and  keeping  it  out,  and, 
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handle,  and  may  be  provided  with  a  plummet  to  level  the  gauge  across 
the  road. 

9.  Snbdralnaare  Is  resorted  to  when  it  is  desirable  to  lower  the 
surface  of  the  ground  water.  By  the  ground-water  level  at  any  point 
Is  meant  the  depth  at  which  the  soil  becomes  fully  saturated.  It  is 
the  depth  at  which  water  will  stand  in  a  well  or  pit.  If  it  is  4  feet 
or  more  below  the  surface,  it  will  not  affect  the  condition  of  a  road 
in  good  soil.  Ground  water  rises  in  wet  and  falls  in  dry  water.  It 
probably  rises  when  the  ground  is  frozen,  regardless  of  the  rainfall. 

If  the  ground  water  comes  nearer  the  surface  than  4  feet  its 
effect  may  be  bad  or  not,  depending  upon  the  character  of  the  soil 
and  the  elevation  of  the  road.  Generally,  however,  high  ground- 
water level  and  poor  soil  for  road  making  go  together. 

10.  Sabdrainaare  will  not  often  be  a  feature  of  military  road 
work,  but  when  It  is  done  it  is  best  accomplished  by  a  tile  drain 
laid  on  one  or  both  sides  of  the  road  under  the  side  ditches  (fig. 
3).  The  tile  should  be  of  the  bell-and-spigot  pattern,  laid  with  open 
joints,  the  bell  upgrade.  As  water  flows  along  the  outside  of  the 
pipe  as  well  as  on  the  inside,  it  should  be  surrounded  by  porous, 
nonerosible  material,  such  as  broken  atone  or  gravel. 

On  military  roads  substitutes  for  the  tile  must  often  be  used.  The 
essential  is  a  continuous  conduit  into  which  water  may  percolate 
through  the  sides  and  along  which  it  may  flow  with  a  relatively  high 
velocity.  Broken  stone,  plank,  or  layers  of  fascines  or  brush  will  do 
much  good.  Any  form  except  a  pipe  or  box  tends  to  quickly  choke 
up  with  fine  silt  washed  into  the  interstices.  This  may  be  partly  pre- 
vented by  interposing  a  layer  of  filtering  material  such  as  straw,  turf, 
grain  sacks,  etc.,  between  the  material  of  the  drain  and  the  surround- 
ing earth,  especially  on  the  top.  If  turf  is  used,  put  the  grass  side 
toward  the  drain 

Side  ditches  act  as  sabdrains  to  the  extent  of  their  depth.  A 
free  outlet  is  necessary  for  the  efficient  operation  of  subdralns  and 
side  ditches 

11.  Importance  of  side  dltcbes. — It  is  obvious  that  the  side 
ditches  contribute  to  the  improvement  of  a  road  in  so  many  ways 
that  they  must  be  of  great  importance.  They  assist  in  every  class 
of  drainage  and  also  offer  the  most  convenient  source  for  material 
to  crown  and  raise  the  roadbed.  Ample  side  ditching  is  the  con- 
sideration of  first  Importance  in  every  road  project,  except  in  arid 
climates  or  very  sandy  soil. 

12.  Form  of  side  ditches. — The  best  form  of  side  ditch  is 
shown  in  figure  2.  Its  advantages  are  that  it  is  favorable  for  a 
variable  flow  of  water  at  relatively  uniform  velocity;  that  it  does 
not  fill  up  by  caving  or  from  the  wash  of  earth  from  the  road ;  that  If 
a  wagon  is  run  into  it  accidentally  or  in  an  emergency  no  especial 
trouble  follows,  and  that  it  furnishes  earth  enough  to  crown  the 
road.  This  form  is  suited  to  a  road  which  has  ample  width  and 
is  on  good  ground.  If  these  conditions  are  reversed,  the  road 
narrow  and  the  ground  wet,  a  ditch  of  the  form  shown  in  figure  3 
will  be  better.  It  takes  less  space  and  is  deeper.  It  will  fill  up 
more  rapidly  and  require  more  work  to  keep  it  open.  The  form  in 
figure  2  can  be  opened  with  scrapers.    The  form  in  figure  3  must  be 

dug  with  shovels.  ,„  „     ^     ^^  ^    -  ^,.  ^ 

13.  The  slope  of  side  ditches  will  usually  be  that  of  the  road, 
though  if  the  latter  is  less  than  1  in  125,  the  slope  of  the  bottom  of 
the  ditch  should  be  increased  by  making  it  shallower  at  the  upper 
and  deeper  at  the  lower  end.  A  long:  ditch  on  a  steady  grade  will 
do  its  work  better  if  made  grradaally  largrer  from  the  upper  to 
the  lower  end.  In  all  cases  the  bottom  should  have  a  uniform  off  in- 
creasing grade  to  the  outlet  to  prevent  the  formation  of  pools.  Large 
springs  near  the  road  should  be  tapped  below  the  surface  and  led  into 

the  side  ditches.  ,  ^^       ^  ^^     ^  ^  u     ^.u 

On  very  steep  hills  roads  are  often  badly  damaged  by  the  scour 
of  water  flowing  in  the  side  ditches.     To  prevent  this  the  ditches 
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may  be  roughly  paved  or  may  have  weirs  of  logs  and  brush  or  stone 
built  across  them  at  Intervals.  These  dams  should  not  be  tight 
enough  to  hold  any  water  permanently.  Or  the  ditch  may  be  stepped, 
paving  the  steps  at  top  and  bottom,  to  prevent  scour  by  the  overfalls. 

14.  ESmbankments. — Raising  the  surface  of  a  road  or  carrying 
it  on  an  embankment  produces  the  same  relative  effect,  so  far  as 
saturation  of  the  soil  is  concerned,  as  lowering  the  ground  water. 
Roads  may  also  be  carried  on  embankments  to  reduce  grades.  This 
Is  especially  advantageous  when  a  cut  is  made  at  the  top  of  a  hill 
and  the  material  can  be  placed  in  the  roadbed  at  the  bottom  so  as  to 
raise  it  materially.  The  haul  is  short  and  downhill,  and  the  move- 
ment of  the  earth  accomplishes  a  double  benefit  in  reducing  the  grade 
by  lowering  the  road  at  the  top  and  raising  it  at  the  bottom. 

When  there  is  no  near-by  cutting  the  material  for  embankments 
must  be  dug  on  areas  outside  of  the  line.  Excavations  made  for  this 
puroose  are  called  borroir  pits.  If  the  material  along  the  roadbed 
is  nt  for  use,  the  borrow  pits  are  enlargements  of  the  side  ditches.. 
The  superior  convenience  of  this  arrangement  determines  its  use  in 
many  cases  when  the  material  is  poor.  It  is  indeed  seldom  that  the 
material  from  side  ditches  cast  up  on  an  unimproved  road  and  prop- 
erly surfaced  and  compacted  will  not  make  the  road  temporarily  better 
than  it  was  before. 

Embankments  should  have  a  top  or  crown  at  least  5  feet  wider 
than  the  proposed  roadway,  and  should  have  side  slopes  not  steeper 
than  li  to  1,  unless  the  material  stands  natwrally  at  a  steeper  slope. 
An  alloirance  for  settlement  should  be  made  of  about  one-tenth 
the  height.  If  the  embankment  is  put  up  in  such  a  way  as  to  be  com- 
pacted  by  traffic  during  its  construction,  this  allowance  for  shrinkage 
may  be  considerably  reduced. 

15.  Cvttlnflrs. — Excavations  on  the  line  of  the  road  may  be  made 
either  to  reduce  extreme  elevations  and  grades  or  to  give  a  level  sur- 
face for  the  roadway.  In  the  former  case  they  are  usually  called 
cuts,  and  in  the  latter  side  cnttlnss,  or  sometimes  cnts  and  fllls» 
since  the  material  excavated  is  usually  used  to  make  an  embankment 
to  carry  part  of  the  road  (fig.  4). 

Cuts  will  have  a  bottom  width  sufficient  for  the  roadbed  and  nar- 
row side  ditches.  The  top  width  will  depend  on  the  depth  of  the  cut 
and  slopes  of  the  sides.  Side  slopes  in  earth  will  usually  be  IJ  to  1. 
In  rock  they  may  be  steeper;  In  sand  and  In  some  clays  they  must 
be  flatter.  In  northern  latitudes  cuts  are  sometimes  made  with  very 
flat  slopes  to  prevent  them  from  drifting  full  of  snow. 

For  side  cuttings  the  same  remarks  apply,  so  far  as  the  upper  side 
is  concerned.  The  embankment  may  be  made,  as  indicated  in  figure 
4,  to  prevent  the  mass  from  sliding  bodily  down  the  hill.  Stepping  of 
the  slopes  under  the  fill  is  a  good  rule  for  heavy  embankments  where 
there  is  likely  to  be  a  good  deal  of  drainage  against  them  from  above. 
On  ordinary  sidehill  slopes  and  with  ordinary  embankments  stepping 
is  not  necessary.  On  very  steep  and  unstable  sidehills  It  will  be  bet- 
ter not  to  cut  at  all,  but  to  make  the  fill  on  the  natural  surface  with 
earth  brought  from  a  distance.  As  the  embankment  In  a  cut  and  fill 
will  settle,  it  is  best  to  make  it  higher  at  the  start  than  the  floor  of 
the  cut  and  to  arrange  for  all  the  drainage  to  go  Into  the  side  ditch 
on  the  uphill  side  (fig.  4).  If  the  face  of  the  cut  presents  two  mate- 
rials, a  pervious  one  above  and  an  Impervious  below,  as  sand  and  clay. 
It  may  be  necessary  to  cut  a  drain  in  the  slope  at  the  junction  of  the 
two. 

16.  Retaining  'walls. — This  term  Is  here  applied  only  to  walls 
which  are  designed  to  support  made  ground,  and  will  Include  all  de- 
vices for  giving  a  vertical  face  to  such  ground  whether  of  masonry 
or  not.  For  military  fieldwork  the  easiest  and  quickest  will  usually 
be  preferred  to  the  best. 

A  crib  of  loflrs  or  timbers  (see  Bridges)  may  be  made  and 
fllled  with  earth  or  stone  and  filling  deposited  against  it.  Such  a  crib 
should  be  half  as  wide  as  it  Is  high.    For  stiff  soils  the  rear  wall  of 
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the  crib  may  be  omitted  and  the  front  one  held  In  place  by  logs  run- 
ning back  into  the  bank  (fig.  6).  These  logs  may  be  replaced  by 
cables  made  fast  to  posts.  This  construction  can  best  be  applied  when 
the  cables  can  be  carried  back  to  solid  ground  (fig.  6). 

Vertical  posta,  with  their  feet  let  well  into  the  ground  and  the 
tops  anchored  by  either  of  the  above  methods  may  support  horizontal 
planks,  which  in  turn  support  the  fill  (fig.  6).  Construction  in  tim- 
ber for  this  purpose  are  usually  called  hulkheade. 

Masonry  retaining  'vrallfl  should  have  an  average  thickneiss  of 
four-tenths  to  five-tenths  their  height  above  the  ground,  the  former 
for  good  rubble  laid  in  cement  mortar,  the  latter  for  dry  rubble.  The 
thickness  may  be  the  same  from  top  to  bottom,  or  it'  may  be  greater 
at  the  bottom  and  less  at  the  top,  the  average  remaining  the  same. 
If  the  wall  is  high,  the  latter  section  should  be  adopted,  as  it  requires 
less  material  for  a  given  height  and  strength.  Dry  rubble  must  be  of 
large  stones  f&irly  well  fitted  together.  Whether  with  or  without 
mortar,  it  is  desirable  to  avoid  through  horizontal  Joints.  Some 
stones  should  be  so  placed  as  to  lie  partly  in  two  adjacent  courses, 
acting  as  dowels  to  prevent  the  upper  part  of  the  wall  from  sliding 
along  the  Joint  between  the  two  C0ur9es.  Walls  should  be  built  with  a 
batter  on  the  front  from  J  to  1  inch  to  the  foot,  as  they  will  always 
move  out  a  little  at  the  top,  and  if  originally  built  plumb,  will  then 
overhang  and  look  unsafe. 

Bapedal  attention  must  be  given  to  the  ci&aracter  of  the 
foundation  at  tl&e  foot  of  the  front  face.  A  trench  must  be  ex- 
cavated deep  enough  to  get  to  a  firm  bearing  at  this  point.  The  front 
of  this  trench  should  be  kept  as  solid  as  possible  to  form  a  support  to 
the  wall  against  sliding  on  its  base  (fig.  7).  If  the  wall  yields  to 
the  pressure  against  it,  it  will  most  probably  revolve  around  the  toe, 
and  its  entire  weight  will  come  on  the  front  edge  of  the  foundation 
trench,  which  must  be  able  to  support  the  weight  or  the  wall  will 
overturn. 

17.  Cnlverts. — ^An  inclosed  conduit  for  passing  drainage  under  a 
road  is  called  a  cnlvert.  The  distinction  between  bridges  and  cul- ' 
verts  is  vague.  Some  small  bridges  are  often  called  culverts,  and 
some  large  culverts  have  been  called  bridges.  If  the  traffic  is  borne 
directly  on  the  top  or  roof  of  the  conduit,  it  must  be  designed  as  a 
bridge,  and  may  be  called  a  bridge,  no  matter  what  its  length  or 
height.  If  a  considerable  thickness  of  the  roadbed  passes  over  the 
conduit  so  that  water  may  stand  above  it  at  one  end  and  pass  through 
under  pressure,  the  structure  may  properly  be  called  a  culvert. 

18.  The  area  of  -vratervray  required  can  not  be  determined  by 
any  rule.  It  depends  upon  the  maximum  rate  of  rainfall,  the  kind  of 
soil,  whether  rocky,  sandy,  clayey,  etc.,  and  the  slope  of  the  surface 
and  its  condition,  whether  cultivated  or  not,  timbered  or  not,  frozen 
or  not,  etc. 

If  the  culvert  conveys  the  fiow  of  a  side  ditch  under  the  road,  its 
capacity  should  be  equal  to  that  of  the  ditch.  The  discharging 
capacities  of  channels  of  different  forms  are  to  each  other  as  the 
squares  of  their  areas  divided  by  their  surface  widths  ;  thus,  the  area  of 
the  side  ditch  in  figure  3  is  3i  square  feet.  The  area  squared  =«  12.25. 
The  surface  width  is  2 J  feet ;  hence  the  area  squared  divided  by  the 
width  =»  12.25  -i-  2i  «  4.9.  To  find  the  dimensions  of  a  rectangular 
conduit  of  equal  capacity,  assume  the  width  li  feet.  Then  the  area 
squared  divided  byli  =  4.9  ;  hence,  the  area  squared  «=  7.3,  or  the  area 
*»  2.7 ;  the  depth  equals  the  area  divided  by  the  width  =*=  2.7  -t-1.5  »*» 
1.8 ;  hence  a  conduit  of  equivalent  section  will  be  1.5  by  1.8  feet. 

Required,  the  size  of  a  circular  conduit  equivalent  to  the  side  ditch. 
Divide  the  equivalent  number  4.9  by  0.616,  and  take  the  cube  root  of 
the  quotient,  which  will  be  the  diameter  of  the  circle ;  thus,  4.9  -f- 
0.616  =  8  ;  the  cube  root  of  8  *=  2,  which  is  the  diameter  of  the  equiv- 
alent circular  conduit. 

94346*— 17 17 
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These  relations  are  true  only  when  the  water  has  a  good  approach 
to  the  culvert  and  free  discharge  from  It,  and  when  the  fall  of  water 
surface  from  the  upper  to  the  lower  end  of  the  culvert  Is  not  less  than 
the  fall  of  the  ditch  in  the  same  length.  These  conditions  can  ordi- 
narily be  secured  In  construction.  In  fact  a  considerably  greater  fall 
can  usually  be  obtained  through  the  culvert  than  exists  in  the  side 
ditch,  so  that  areas  computed  by  the  rule  will  usually  be  in  excess. 

When  the  drainage  to  be  handled  is  that  of  a  natural  drainage  line, 
estimate  as  well  as  can  be  done  the  area  and  surface  width  of  the 
maximum  cross  section  of  flow  and  convert  it  into  the  equivalent 
regular  section  by  the  rule.  If  the  conversion  gives  a  size  larger  than 
can  conveniently  be  constructed,  consider  the  possibllitv  of  giving  a 
greater  fail  through  the  culvert.  The  area  of  the  culvert  may  be 
reduced  as  the  square  of  the  slope  increases.  If  twice  the  fall  of  the 
natural  flow  can  be  obtained,  one-fourth  the  culvert  area  will  answer. 

19.  A«  to  their  deslgm,  culverts  are  classed  as  box^  or  reetan- 
fgnltir,  arclicd,  and  pipe.  The  box  culvert  may  be  of  wood  or 
stone,  or  of  the  two  combined.  Hie  arclt  cnl-rert  is  usually  of 
masonry.  The  pipe  cnlvert  may  be  of  clay,  iron,  concrete,  or 
wooden-stave  pipe.  In  the  latter  material  it  is  sometimes  called 
barrel  culvert. 

20.  'Wooden  eulrerta. — ^Figures  8  to  14  represent  type  forms  in 
logs,  squared  timbers,  and  lumber.  The  principles  are  the  same*  for 
all.  The  inside  should  be  smooth  to  facilitate  the  flow  of  water  and 
the  passage  of  floating  substances.  The  outside  should  be  a  broken 
surface  to  offer  more  resistance  to  the  flow  of  water  between  the  wood 
and  earth,  which,  if  continued,  will  wash  the  culvert  out.  If  logs 
are  used,  those  in  the  walls  should  be  flattened  on  two  sides  to  give 
a  good  bearing  and  leave  no  opening  greater  than  2  inches.  If  there 
is  time  to  square  the  timber,  it  is  much  better.  All  timbers  should  be 
drift-bolted  together.     fFor  drift-bolting,  see  Part  II,  Bridges.) 

Stone  culverts. — Figures  15  to  17  show  type  forms.  The  stone 
box  culvert  (fle.  15)  is  a  convenient  form  when  suitable  stone  can 
be  had.  It  wiU  usuallv  be  laid  up  without  mortar.  If  necessary  to 
economize  large  stone,  the  side  wans  may  be  built  of  rubble  in  mortar 
or  of  concrete.  Concrete  blocks  may  also  be  used  for  the  top.  For 
the  class  of  stone  usually  found  in  such  shapes,  the  top  slabs  should 
be  2  inches  thick  for  each  foot  of  span.  For  well-made  concrete  of 
Portland  cement,  the  same  thicknesses  will  do.  Concrete  blocks 
should  not  be  loaded  within  seven  days  after  they  are  made. 

The  vide  -walls  should  have  a  thickness  of  one-half  their  height, 
or,  better,  one-third  the  height  at  the  top  and  two-thirds  at  bottom. 
They  should  be  well  footed  in  trenches  not  less  than  a  foot  deep, 
and  deeper  if  the  bearing  is  not  firm.  The  backs  of  the  walls  are 
better  rou^h  so  that  the  earth  can  get  a  good  grip  on  them,  and  pains 
should  be  taken  to  make  them  so. 

Arcb  culverts. — The  lines  and  surfaces  of  the  arch  and  their 
names  are  shown  in  figure  17. 

The  best  form  of  arch  fbr  culverts  is  the  segmental,  which  is  an 
arc  of  a  circle.  The  rise  should  be  one-fourth  the  span,  making  the 
radius  of  the  intrados  five-eighths  of  the  span. 

For  all  masonry,  except  concrete,  the  arch  is  usually  of  uniform 
thickness.  To  determine  the  proper  thickness,  add  60  to  the  span  in 
feet  and  divide  the  sum  by  50.  The  quotient  is  the  thickness  of  the 
arch  ring  in  feet ;  or,  add  one-fiftieth  of  the  span  in.  feet  to  1  foot. 
This  rule  Is  giyen  in  view  of  the  inferior  masonry  likely  to  be  built 
under  service  conditions.  A  ring  of  the  thickness  so  determined 
should  be  built  of  selected  materials  laid  with  all  face  Joints  in  radial 
planes.  The  faces  are  better  perfectly  true,  but  if  cement  mortar  is 
used  they  need  be  only  approximately  so.  Stratified  rocks  which 
break  out  in  fairly  uniform  thickness  may  be  used  without  dressing. 
Three-quarters  of  the  stone  at  least  should  go  through  from  intrados 
to  extrados.     Care  should  be  taken  to  leave  no  open  Joints  on  the 
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iRtradoa,  nor  any  of  more  than  three-fourths  Inch  of  mortar  alone. 
Greater  spaces  between  stones  should  be  filled  with  shims  or  spalls 
coated  with  mortor  and  well  driven  in.  All  Joints  should  be  com- 
pletely filled  with  mortar. 

If  brick  are  used,  they  are  laid  as  indicated  in  figure  18.  The 
concentric  circles  are  called  rings,  and  the  thickness  of  brick  arches 
is  sometimes  given  as  3,  4,  etc.,  rings.  Under  the  rule  given  above, 
a  brick  arch  will  have  at  least  three  rings.  Particular  attention 
should  be  paid  to  the  surfaces  between  rings,  which  must  be  sepa- 
rated by  a  film  of  mortar  in  good  contact  with  both  surfaces  and 
monolithic,  so  far  as  possible,  with  the  mortar  in  the  radial  joints. 

Spandrel  filllnar* — ^The  stability  of  the  arch  requires  that  it  be 
permanently  loaded  on  its  haunches.  This  may  be  done  by  deposit- 
ing any  heavy  material,  but  In  small  arches  is  commonly  done  by 
continuing  the  masonry  from  the  outside  of  the  arch  ring  to  a  line 
or  curve  swept  ftom  the  crown  to  the  outer  edge  of  the  top  of  the 
abutment.  For  culverts,  the  embankment  supplies  the  necessary 
weight,  and  the  main  function  of  the  spandrel  filling  is  to  give  a 
smooth  and  regular  slope  to  the  top  of  the  structure  to  promote  the 
run-off  of  water. 

Spandrel  ^walls. — ^At  each  end  of  the  arch  a  wall  is  built  up  to 
the  level  of  the  crown  and  In  length  from  out  to  out  of  the  abutments. 
It  acts  to  stiffen  the  arch  and  also  as  a  retaining  wall  for  the  en- 
bankment  over  it.  For  wide  or  very  long  arches  there  may  be  in- 
terior spandrel  walls  of  similar  dimensions,  and  in  small  arches  the 
masonry  may  be  built  up  to  these  lines  all  along. 

IVinsr  ^walls. — These  are  built  from  the  ends  of  the  spandrel  walls 
with  a  splay  of  about  SO*',  and  act  as  buttresses  for  the  spandrel 
walls  and  also  as  retaining  walls  for  part  of  the  embankment  left 
unsupported  by  the  cut  made  to  give  access  to  the  culvert.  The  tops 
of  the  wing  walls  are  not  horizontal,  but  slope  with  the  earth  of  the 
embankment. 

The  tbickness  of  -vrinar  'walls  may  be  slightly  less  than  that  of 
retaining  walls.  The  bond  with  the  spandrel  wall  gives  support  to  the 
highest  part,  and  the  slope  of  the  embankment  affords  relief  against 
great  pressure.  For  brick  or  fair  rubble  in  cement  mortar  the  thick- 
ness should  be  one-sixth  of  the  height  throughout,  or  one-twelfth  at 
the  top  and  one-third  at  the  bottom,  the  top,  however,  to  be  not  less 
than  18  inches  for  rubble  and  13  inches  for  brick.  As  the  height 
varies  the  thickness  does  also.  Determine  the  thickness  at  the  span- 
drel wall  and  at  the  toe  of  the  embankment  and  vary  it  uniformly 
from  one  to  the  other.  The  coping  may  be  inclined  (fig.  19)  or  in  steps 
<flg.  20).  In  the  former  case  the  stones  must  be  well  anchored  to  the 
wall  to  prevent  sliding.  The  step  form  Is  much  better.  For  a  high 
wall  the  coping  will  be  of  uniform  width  and  will  form  a  low  parapet 
on  the  front  edge  of  the  top  surface  (fig.  7>.  Except  as  above  noted, 
all  the  requirements  of  retaining  walls  apply  to  wing  walls. 

Concrete  arches,  on  account  of  their  great  homogeneity  and  the 
ability  of  the  material  to  take  tensile  as  well  as  compressive  strains 
may  be  of  reduced  dimensions,  and  the  spandrel  filling  is  most  con- 
veniently combined  with  the  arch  ring  in  a  monolith.  For  thickness 
of  crown  add  25  to  the  span  in  feet  and  divide  by  5.  The  result  will 
be  the  thickness  at  the  crown  in  inches.  The  extrados  is  a  cylinder 
passing  through  the  crown  and  the  outer  top  edges  of  the  side  walls. 
Its  radius  will  be  about  equal  to  the  span  and  may  be  so  taken.  Side, 
spandrel,  and  wing  walls  of  concrete  culverts  have  the  same  propor- 
tions as  for  other  masonry. 

21.  Centers. — All  arches  must  be  supported  during  construction 
and  until  the  mortar  has  set  sufficiently  to  bear  the  pressure.  Sup- 
ports are  commonly  built  of  wood  and  are  called  centers.  Great 
rl^dlty  is  necessary-*  and  all  principal  pieces  must  be  so  pro- 
Ttortloned  that  they  will  take  their  stresses  without  appreciable  de- 
^f)n.    Long  pieces  must  have  a  radial  direction  so  ai  to  be  in  com- 
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pression  only.  Short  pieces  which  can  be  made  very  deep  relatlTely 
may  be  used  as  beams.  The  foundations  of  centers  must  be  made  Ydth 
great  care  so  as  to  be  unyielding.  In  addition  to  precautions  in  the 
construction  of  centers  it  is  also  necessary  to  build  the  arch  simul- 
taneously from  both  sides  and  at  the  same  rate  so  that  the  two  sides 
of  the  centers  shall  always  be  equally  loaded. 

The  principal  parts  of  centers  are  the  ribs  and  the  slieatlk- 
inar.  The  ribs  are  segments  of  the  proper  circle,  solid  or  framed, 
and  the  sbeatbinar  is  a  covering  of  the  iibs  to  produce  the  necessary 
supporting  surface.  The  ribs  are  proportioned  to  support  the  weight 
of  the  arch  and  are  the  same  for  all  kinds  of  arches.  The  sheathlx^g 
may  differ  for  different  kinds  of  arches.  For  concrete  it  must  be  with 
tight  joints  which  will  not  allow  thin  mortar  to  flow  through.  For 
brick  It  may  be  more  open,  with  gaps  small  enough  only  to  prevent  a 
brick  from  sliding  through.  For  stone  the  sheathing  may  be  still  more 
open. 

For  small  culverts  centers  may  be  built  as  shown  in  figure  21.  For 
larger  arches  figure  24  shows  a  convenient  construction.  The  radial 
supports  will  vary  in  number  according  to  the  size  of  the  arch.  The 
points  supported  on  the  ribs  need  not  be  less  than  3  or  4  feet  apart. 
The  distances  between  ribs  will  be  2  to  3  feet,  depending  on  the  thick- 
ness of  the  sheathing. 

22.  iM-ying  ont  centers. — For  small  arches  lay  down  the  material 
of  the  ribs  and  strike  the  curves  of  the  centers  with  a  radius.  When 
this  method  is  not  convenient  make  a  template  or  pattern.  On  the 
edge  of  a  board  or  along  a  straight  line  drawn  near  the  edge  lay  off  in 
each  direction  from  the  middle  spaces  of  6  Inches  each.  At  each  of 
the  points  so  determined  draw  a  perpendicular  to  the  edge  or  line,  and 
on  these  perpendiculars  lay  off  the  ordinates  given  in  the  following 
table  for  the  span  adopted.  The  ordinates  in  the  top  lines  are  to  be 
used  unless  this  bottom  of  the  plank  is  to  be  the  chord  of  the  arch,  in 
which  case  the  bottom  lines  will  do  equally  well.  The  points  so  laid 
off  are  on  the  curve  of  the  arch,  which  should  be  drawn  through  them 
by  a  flexible  rule  or  spline  bent  to  touch  them  all  at  tbe  same  time 
(fig.  21).  Shape  the  edge  of  the  board  to  the  curve,  and  using  it  as 
a  pattern,  scribe  the  others.  Planks  2  by  12  inches  are  very  conven- 
ient material  for  ribs.  From  the  table  it  will  be  seen  that  such  a 
plank  will  cut  the  whole  rib  for  a  3-foot  arch,  and  by  adding  a  8-lnch 
strip  on  the  top  edge  it  will  give  a  rib  for  a  4-foot  arch.  For  larger 
arches  build  up  the  ribs  by  putting  segments  end  to  end  with  a  close 
bearing  and  fasten  them  with  other  segments  put  on  as  fish  plates 
(fig.  23.)    The  end  bearings  should  not  be  less  than  8  inches. 
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28  Middle  and  side  ordlnates  for  seffmentAl  arcl&es  with 
rises  «-i  span.  Ordlnates  in  top  lines  measured  from  the  tangent; 
ordinates  in  bottom  lines  measured  from  the  chord. 


Ha- 
dius. 

Rise 
or 
mid- 
dle 
ordi- 
nates. 

Ordinates  in  feet  at  distances  from  middle  of— 

1 

0.6 

1 

1.5 

2 

2.5 

3 

3.6 

4 

4.6. 

6 

3 

1.87 

0.75 

0.06 
.69 

0.36 
.39 

0.75 
.00 

4 

2.60 

1.00 

.05 
.95 

.21 
.79 

.50 
.50 

1.00 
.00 

6 

3.12 

1.25 

.04 
1.21 

.17 
1.08 

.42 
.83 

.78 
.47 

1.25 
.00 

6 

3.75 

1.60 

.03 
1.47 

.14 
1.36 

.31 
1.19 

.49 
1.01 

.95 
.55 

1.50 
.00 

8 

5.00 

2L00 

.03 
1.97 

.10 
1.90 

.23 
1.77 

.42 

1.58 

.67 
1.33 

1.00 
1.00 

1.50 
.50 

2.00 
.00 

10 

6.25 

2.50 

.02 

2.48 

.08 
2.42 

.18 
2.32 

.33 

2.17 

.52 
1.98 

.77 
1.73 

1.18 
1.32 

1.45 
1.05 

2.15 
.35 

2.60 
.00 

12 

7.60 

3.00 

.02 
2.98 

.07 
2.93 

.16 
2.85 

.27 
2.73 

.43 

2.57 

.62 
2.38 

.87 
2.13 

1.16 
1.84 

1.50 
1.60 

1.91 
1.09 

14 

8.75 

3.50 

.01 
3.40 

.07 
3.43 

.13 
3.37 

.23 
3.27 

.36 
3.14 

.63 
2.97 

.73 
2.77 

.97 
2.53 

1.37 
2.13 

1.67 
1.93 

16 

10.00 

4.00 

.01 
3. 99 

.05 
3.95 

.11 
3.89 

.20 
3.80 

.82 
3.68 

.46 
3.64 

.63 
3.37 

.83 
3.17 

1.07 
2.98 

1.34 
2.66 

18 

11.25 

4.50 

.01 
4.49 

.05 
4.46 

.10 
4.40 

.19 
4.31 

.28 
4.22 

.42 
4.08 

.55 
3.95 

.75 
3.75 

.96 
3.66 

1.16 
3.36 

20 

12.50 

5.00 

.01 
4.90 

.04 
4.96 

.00 
4.91 

.16 
4.84 

.25 
4.76 

.36 
4.64 

.50 
4.60 

.67 
4.83 

.84 
4.16 

1.05 
8.96 

24.  Pipe  culvert*. — Vitrified  clay,  concrete,  and  cast-iron  pipe 
culverts  should,  if  possible,  be  laid  on  a  carefully  prepared  foundation 
of  broken  stone,  gravel,  or  concrete,  shaped  to  tne  curve  of  the  lower 
part  of  the  pipe,  which  should  rest  evenly  and  solidly  on  the  founda- 
tion from  end  to  end.  The  earth  filling  should  be  thoroughly  com- 
pacted around  the  lower  part  of  the  pipe,  using  water  If  practicable, 
but  should  be  left  loose  around  the  upper  part.  It  has  been  demon- 
strated that  thorough  undertamplng  trebles  the  strength  of  concrete 
pipe.  The  top  surface  of  earthenware  pipes  should  be  not  less  than 
18  inches  below  the  surface  of  the  roadbed.  It  is  better  to  have  the 
Joints  tight.  Clay  or  cement  motar  may  be  used  for  packing.  Care 
should  be  taken  in  laying  to  have  the  spigots  enter  the  bells  to  the 
full  length.  Oakum,  rope,  grass,  or  any  available  material  may  be 
put  in  first  and  rammed  to  the  bottom  to  prevent  the  packing  m»*"^ 


88D  ENGINEEB   FIELB   MANUAL. 

rial  from  running  through  into  the  pipe.  Pipe  culverts  should  run 
dry  when  the  flow  ceases.  They  should  have  an  average  fall  of  not 
less  than  1  In  72  for  vitrifled  and  1  in  225  for  cast-iron  pipe.  The 
fall  should  not  be  uniform,  but  should  increase  slightly  from  the  up- 
per to  the  lower  side,  giving  the  pipe  a  camber  which  will  prevent 
the  formation  of  pockets  by  settlement. 

The  ends  of  pipe  culverts  should  be  protected  by  head  walls.  These 
may  be  of  rubble  or  brick  masonry,  or  for  temporary  purposes  of 
wood  (figs.  25  and  26). 

Vitrified  pipe  is  made  in  2  and  3  foot  lengths;  the  former  is  the 
standard  market  length.  Up  to  2  feet  in  diameter  it  usually  comes 
in  bell-and-spigot  form.  Larger  sizes  are  ordinarily  in  cylindrical 
form  with  rings  of  the  same  material  to  cover  the  joints.  The  trade 
designation  of  vitrified  and  cast-iron  pipe  is  the  Inside  diameter. 

Cast-iron  pipe  is  made  in  12-foot  lengths,  and  is  bell  and  spigot  for 
all  sizes. 

Concrete  pipe,  if  used,  will  be  made  on  the  site.  The  thickness 
should  be  1  inch  for  all  up  to  12  inches  diameter.  Above  12  inches, 
a  thickness  of  one-twelfth  the  diameter. 

25.  Surf  acinar* — It  is  of  great  importance  to  keep  the  surface  of 
earth  roads  smooth  and  free  from  ruts  as  far  as  possible.  During 
continuous  rainy  weather  it  is  usually  not  practicable  to  do  this» 
but  as  soon  as  the  road  has  dried  out  enough  to  permit  it,  the  surface 
should  be  gone  over  and  the  rUts  and  other  depressions  filled  up.  If 
this  is  done,  the  mud  from  the  next  rain  will  be  very  much  less,  and 
by  attention  to  this  simple  expedient  a  road  that  would  be  constantly 
bad  with  intermittent  rains  can  be  kept  good  most  of  the  time.  An 
excellent  opportunity  for  such  work  arises  when  a  badly  cut  road 
is  lightlv  frozen,  and  especially  just  as  the  frost  is  beginning  to  come 
out  of  the  ground. 

The  work  may  be  done  by  men  with  picks  and  shovels,  or  by  the 
use  of  harrows  and  scrapers  drawn  by  animals.  A  good  farm  har- 
row gives  excellent  results.  A  scraper  may  be  improvised  by  putting 
a  tongue  on  a  piece  of  heavy  plank,  and  a  steel  shoe  on  its  lower  edge 
(fig.  27).  A  railroad  rail  is  said  to  make  an  excellent  scraper.  A 
team  is  hitched  to  each  end.  For  soft  mud  a  drag  which  will  do 
much  good  is  made  by  splitting  a  12-inch  log  in  halves,  placing  them 
round  sides  down  on  the  ground  2i  feet  apart,  and  nailing  cleats 
across  their  fiat  sides.     (See  par.  25a,  p.  — .) 

The  acrapingr  flr^ader  is  a  scraper  mounted  on  wheels  and  adjust- 
able as  to  height.  It  hangs  obliquely  over  the  road,  the  outer  end  in 
advance,  so  that  the  surplus  earth  is  pushed  toward  the  center.  With 
such  a  machine  on  hand,  the  manner  of  using  it  will  be  obvious.  One 
may  be  improvised  by  hanging  the  heavy  plank  and  steel  shoe  shown 
in  figure  27  under  the  bed  of  an  ordinary  wagon. 

26.  The  avality  of  tlte  eartb  has  a  great  infiuence  upon  its 
behavior  in  a  road.  Clay  compacts  well  but. will  not  drain.  Sand 
drains  well  but  usually  will  not  pack.  There  are  some  exceptions 
to  this  rule,  notablv  among  the  volcanic  sands  of  the  Philippine 
Islands,  which  are  sharply  angular  in  grain  and  do  pack  well  enough 
to  make  a  fairly  good  road  metal.  It  is  also  to  be  observed  that 
sand  packs  under  pressure  when  damp,  and  that  sandy  roads  are 
usually  better  In  wet  than  in  dry  weather,  for  which  reason  nothing 
is  done  to  proipote  drainage  of  very  sandy  roads.  A  road  which  is 
too  sandy  may  be  improved  by  an  admixture  of  clay,  and  conversely. 
Gravel,  with  a  certain  proportion  of  clay,  makes  an  excellent  road. 
The  combination  is  similar  to  that  which  .produces  the  bardpan,  some- 
times found  in  excavations. 

27.  A  road  Kood  in  all  conditions  of  -weatl&er  can  be  ob- 
tained only  by  the  introduction  of  materials  other  than  earth.  These 
materials  must  be  of  such  character  that  they  will  offer  a  bearing 
surface  not  affected  by  moisture,  and  of  such  thickness  as  will  dis- 
tribute the  load  so  that  the  soil  below  can  bear  it  without  compres- 
sion.    It  is  also  requisite  that  the  surface  be  smooth  enough  for  easy 
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traction  and  rough  enough  to  give  a  footing  for  animals.  Such  con- 
structions range  from  the  simplest  expedients  of  road  making  to  the 
highest  class  of  street  pavements. 

Cordnroylnar  Is  done  by  laying  logs  crosswise  of  the  road  and 
touching  each  other.  The  result  will  be  better  if  the  logs  are  nearly 
of  the  same  size.  The  butts  and  tips  should  alternate.  If  the  logs 
are  large  the  spaces  may  be  filled  witn  smaller  poles.  The  bottom  tier 
of  logs  should  be  evenly  bedded  and  should  have  a  firm  bearing  at  the 
ends  and  not  ride  on  the  middle.  The  filling  poles,  if  used,  should  be 
cut  and  trimmed  to  lie  close,  packing  them  about  the  ends  if  neces- 
sary. If  the  soil  is  only  moderately  soft  the  logs  need  be  no  longer 
than  the  width  of  the  road.  In  soft  marsh  it  may  be  necessary  to 
make  them  longer. 

The  logs  may  be  utilized  as  the  wearing  surface.  In  fact  this  is 
usually  the  case.  They  make  a  rough  surface,  uncomfortable  for 
passengers  and  hard  on  wagons  and  loads,  but  the  resistance  to  trac- 
tion is  much  less  than  would  be  expected,  and  the  roughness  and 
slightly  yielding  surface  make  excellent  footing  for  animals.  Surface 
corduroy  is  perishable  and  can  last  but  a  short  time.  In  marshes* 
where  the  logs  can  be  placed  below  the  ground-water  level,  they  are 
preserved  from  decay,  and  if  any  suitable  material  can  be  found  to 
put  a  thin  embankment  over  them  a  good  permanent  road  may  be 
made. 

Any  tough,  fibrous  material  may  be  used  to  temporarily  harden  the 
surface  of  a  road.  Hay  or  straw,  tall  weeds,  com  and  cane  stalks 
have  been  used  to  good  advantage.  Such  materials  should  be  laid 
with  the  fibers  crosswise  of  the  road  and  covered  with  a  thin  layer  of 
earth  thrown  on  from  the  sides,  except  in  sand,  when  it  is  better  to 
dig  a  shallow  trench  across  the  road,  fill  it  with  the  material,  and 
then  dig  another  trench  just  in  front  of  and  in  contact  with  the 
first,  and  throw  the  sand  from  it  back  onto  the  material  in  the  first 
trench,  etc. 

28.  Plaak  roads  are  built  by  laying  lines  of  sleepers  about  4  feet 
apart,  well  bedded,  and  breaking  Joints,  and  nailing  to  them  cross 
planks  2  or  3  inches  thick  and  9  to  12  inches  wide  (figs.  28  and  29). 
EJach  line  of  sleepers  should  be  doubled  and  composed  of  pieces  4  by  6 
inches,  laid  flatwise  and  2  or  3  inches  apart,  breaking  joints.  The 
planks  should  have  2  spikes  in  each  end,  and  should  be  laid  one-fourth 
Inch  apart  if  dry.  If  wet  they  may  be  laid  lightly  touching.  The 
length  of  plank  will  depend  upon  the  amount  and  condition  of  traffic. 
If  all  one  way,  or  if  return  traffic  is  mainly  of  empties,  two  lines  of 
sleepers  of  8-foot  plank  will  answer.  If  loaded  traffic  is  heavy  in 
both  directions  there  should  be  four  lines  of  sleepers  and  planks  14 
feet  long  (fig.  30).  The  interior  sleepers  need  not  be  double.  Planks 
should  be  offset  in  blocks  of  about  20  to  facilitate  getting  back  a 
wheel  which  has  run  off  the  road. 

When  suitable  timber  is  plentiful  and  sawmills  are  at  hand  a  good 
road  for  all  conditions  of  weather  can  be  made  easily  and  quickly  as 
above  described.  It  is  neither  muddy  nor  dusty,  and  is  easy  on  loads, 
wagons,  and  animals. 

29.  Cltarcoal  roads  have  been  built  through  swampy  forests  by 
piling  logs  longitudinally  on  the  line  of  road  and  burning  them  into 
charcoal,  which  is  raked  down  to  2  feet  thickness  in  the  middle  and 
1  foot  at  the  edges.  The  logs  may  be  12  to  24  feet  long,  in  piles  5 
or  6  feet  high,  9  feet  wide  at  the  bottom,  and  2  feet  wide  at  the  top. 
The  piles  are  covered  with  straw  and  earth  and  burned  with  a  re- 
stricted air  supply.  Good  draft  should  be  permitted  until  the  pile 
is  well  ignited,  when  all  air  openings  at  the  bottom  should  be  closed. 

30.  Gravel  to  form  a  good  road  covering  or  metal  must  have 
enough  binding  material  to  cause  the  pebbles  to  pack  and  remain  in 
place  under  traffic.  The  material  from  ordinary  deposits  or  pits  of 
arpAVAi  will  usually  make  a  fair  road.     That  from  beaches  and  streams 

unless  binding  material  is  supplied.    If  there  is  a  consider- 
irtion  of  stones  larger  than  4  inches  diameter  they  should 
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be  broken  up  or  excluded.  For  grarel  and  for  all  other  metal  roads 
the  roadbed  is  first  brought  to  tne  shape  and  condition  described  for 
an  earth  road,  but  at  a  grade  lower  than  the  proposed  surface  of  the 
road  by  the  thickness  of  the  metal.  This  lower  grade  is  called  the 
■nbg-rade.  In  excavated  roads  and  those  formed  by  crowning  on 
the  natural  surface  the  subgrade  is  formed  at  the  first  operation. 
For  roads  on  embankments  it  is  better  to  bring  the  fill  up  to  the 
final  grade,  and  then,  just  before  putting  on  the  metal,  excavate  to- 
subgrade,  forming  a  trongrli  or  1>ox  in  which  to  deposit  the  metal. 

The  first  or  bottom  course  of  gravel  should  be  about  4  inches  thick, 
and  should  be  well  compacted  by  travel  or  by  rolling  before  the  next 
layer  is  deposited.  The  following  courses  should  be  of  the  same- 
thickness,  each  compacted  as  laid.  The  net  thickness  of  three'  such 
layers  will  be  about  10  inches  and  will  make  a  good  road  of  tbe  class. 

31.  Broken  stone  and  cmshedl  atone  are  terms  applied  to- 
angular  fragments  of  stone  made  by  breaking  up  larger  pieces  either 
by  hand  hammers  or  by  power  crushers.  The  stone  should  be  hard 
and  tough  and  not  very  absorbent.  Trap  is  the  best ;  granite  is  good 
at  first,  but  disintegrates  rapidly;  sandstone  is  deficient  in  binding 
qualities.  Limestone  has  excellent  binding  properties,  but  is  generally 
soft  and  wears  rapidly ;  it  is,  however,  the  material  most  used  in 
stone  roads  because  more  plentiful  than  stone  of  better  quality. 

Broken  stone  is  classed  according  to  the  lararest  dimension 
in  inches  of  its  largest  pieces.     The  test  of  size  is  that  the  largest 

Siece  shall  pass  freely  In  any  position  through  a  ring  of  a  certain 
iameter.     The  largest  size  commonly  used   in   road   making   is   2} 
Inches,  meaning  that  the  largest  piece  can  not  fail  to  pass  through 
a  ring  of  21  inches  diameter.     The  smallest  usual  size  is  l|   inch. 
Sometimes  double  limits  are  imposed,  as  that  ail  shall  pass  through 
a  2i-inch  ring  and  none  through  a  l^-lnch  ring.     The  run  of  the- 
cniHher  means  all  mtrterial  which  comes  from  the  crusher  not  ex- 
cpeding  the  specified  size.       Stone  broken  by  hand  can  not  be  graded 
In  sizes.     It  IS  considered  by  some  than  hand-broken  stone  is  superior* 
on  account  of  the  more  nearly  cubical  shape  of  the  fragments  and  the 
less  quantity  of  small  pieces.    The  advantage  if  any  is  not  enough  to 
outweigh   the  greater   rapidity   and   economy   of  machine   breaking.. 
Hand  breaking  will  be  used  only  when  there  are  no  crushers  and 
plenty  of  labor. 

For  breaking  stone  by  hand  the  best  hammers  are  of  steel  in  the 
form  of  a  circular  disk,  of  2  to  3  pounds  weight,  with  rather  long 
handles. 

Broken  stone  Is  measured  by  the  ton  or  by  the  cubic  yard : 
by  the  ton,  when  it  can  be  passed  over  scales  or  measured  by  displace- 
ment of  vessels ;  otherwise  by  the  yard.  For  a  rude  comparison,  the 
cubic  yard  and  the  long  ton  may  be  taken  as  equivalent. 

32.  Macadam  roads  are  made  of  broken  stone  deposited  oh  the 
natural  surface,  or  preferably  on  ajproperly  prepared  subgrade  and 
compacted  by  traffic  or  by  rolling.  For  military  roads  compacting  by 
traffic  will  be  the  rule  and  by  rolling  the  exception.  Better  results 
will  be  obtained  if  the  stone  is  put  on  in  two  layers,  the  lower  one 
compacted  before  the  upper  one  Is  spread.  If  graded  stone  is  to  be  had, 
use  2i  inch  for  the  lower  course  and  1&  to  2  inch  for  the  upper. 
When  compacted  by  traffic,  the  thickness  of  the  lower  course  when 
first  spread  must  be  enough  to  prevent  the  wheels  cutting  through  it^ 
If  the  foundation  is  dry  and  hard,  4  inches  will  be  right ;  If  the  foun-^ 
dation  is  yielding,  a  greater  thickness  will  be  necessary,  and  it  may 
happen  that  all  will  have  to  be  put  on  at  once  to  carry  the  traffic 
while  compacting.  On  a  4-inch  bottom  layer,  a  3-lnch  top  course  may 
be  snread 

The  wl'dtlk  to  be  stoned  or  metaled  will  depend  upon  the  condi- 
tions of  the  moment.  Ten  feet  will  do  for  a  single  line  of  wa^ons^ 
or  16  feet  for  a  double  line.  If  the  traffic  in  one  direction  is  light, 
the  width  may  be  increased  with  the  same  amount  of  stone  by  limiting- 
the  bottom  layer  to  the  middle  and  extending  the  top  layer  out  on 
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itidft   sides.     Such   exteoBions   are   called   ^rlMara*     TMs   disposition 
f4Mulr*>»  that  the  earth  -of  the  roadbed  shall  be  of  excellent  quality. 

If  the  tralllc  can  be  difitributed  over  the  entire  surface  of  the  stone 
it  will  be  much  better.  If  the  wagons  track  and  quickly  wear  down 
two  rate  they  should  be  filled  up  bv  raking  in  stones  from  the  sides. 

3^.  It  time,  materials,  and  appliances  are  ayailable,  a  Htarlt-claas 
ippi94s«4l«aa  roflul  may  be  built  as  follows :  Prepare  the  subgrade  and 
/'//oipact  ft  thorongly  by  rolling.  Lay  a  bottom  course  6  inches  thick 
4/f  'l\  to  21  inch  stone,  and  roll  it  down  to  5  inches  or  less,  leaving 
it,  eiMrooth,  even,  and  true  to  grade. 

iMy  a  top  course  4  inches  thick  of  i  to  1|  inch  stone  and  roll  it 
4/yWD  to  3  Inches,  and  leave  the  surface  as  before. 

spread  a  layer  of  screenings  from  the  same  stone  Just  thick  enough 
|/>  eipv^r  the  projections  of  the  top  course,  water  and  roU  until  to  grade 
u.f^A  MO  compact  that  no  material  can  be  picked  up. 

34,  Telford,  roads  are  made  by  covering  the  subgrade  with  a 
fgiiyer  of  medium-size  stones  laid  by  hand,  larger  face  down  and  in 
g-U^tm  contact,  and  filling  the  interstices  with  chips  snugly  set  with  a 
ttntAli  hammer.  On  this  foundation  a  layer  of  broken  stone  is  laid 
si»4  compacted  as  described  for  macadam  (fig.  31).  Well-made  telford 
wUl  probablv  stand  on  ground  too  soft  and  wet  to  carry  macadam  of 
f4Sf/>nable  thickness.  It  may  also  be  preferred  If  the  large  stones 
0Wii  *ii*iily  obtained  and  hand  breaking  Is  necessary. 

In  all  work  with  broken  stone,  the  compacting  is  more  rapid  and 
^^/'tive  when  the  stone  is  wet.  When  roads  are  compacted  with 
fnWttru  it  is  worth  while  to  arrange  for  a  thorough  sprinkling  just  In 
If4vsn<'e  of  the  machine. 

in  UHing  a  roller  it  is  best  to  roll  the  sides  first  so  that  the  com- 
nurti'/l  Mides  may  offer  lateral  resistance  to  prevent  the  material  in 
W^H  t't^iftr  spreading  out  when  the  roller  passes  over  it.  For  efficient 
^^fvU'M  the  roller  should  be  not  less  than  4  ieet  diameter  nor  weigh 
j^^tf  I  ban  1  ton  to  the  foot  of  length. 

^f^.  Other  kinds  of  pavement,  wood  or  stone  block,  brick,  and  asphalt 
M|«  /'oijMtructed  on  the  same  principles,  but  require  special  materials, 
uturUinf*ry  and  appliances,  skilled  labor,  and  expert  superintendence. 

IU\  Wonfnterrvptlon  of  traffic. — The  methods,  and  to  a  certain 
HM.ti^ni  tha  plans,  will  be  affected  by  the  necessity  of  keeping  the  road 
ffwtn  for  »«e  during  the  work  of  repair  or  reconstruction.  Generally, 
llitt  Hytititm  will  be  adopted  of  doing  one  side  at  a  time.  Sometimes  a 
iinw  I'tmil  mny  be  built  alongside  the  old  one,  or  a  temporary  road  may 
]in  ttii*'nt*(\  for  UHo  while  the  old  one  is  repairing.  The  result  in  any 
mnu  IV ill  Im  to  discourage  changes  of  grade  and  to  cause  cuts  and 
^'^^hH^*^uliintM  to  be  made  In  horizontal  layers  along  the  whole  length 
uuf^  f***^  ^'^  ^^^  ^^^^  height  or  depth  at  once,  as  would  otherwise  be 
(It, it*'  f  ^o  ^'Ause  side  cuttings  In  wet  weather  to  be  all  cut  and  no  fill 
uut)  i**  f'ncimrage  preparation  and  distribution  of  materials  along  the 
n,m\,  rumly  to  be  put  on  quickly. 

.■^7.  TMcrat Ifin. — Much  military  road  work,   especially  of  repairs. 

will  hi*  iUtuti  und<*r  conditions  which  will  make  Instrumental  location 

i,,ipohaJI>l«'.     Wbf»n  it  can  be  done,  It  will  be  advantageous  to  mark 

liii!  rt'Utur  line  with  stakes  at  intervals  of  100  feet,  or  less  if  the 

)zv(i\\m  U  IrreKular,  and  to  mark  the  grade  on  each  stake.    If  levels 

Sv«*  n^'i  ''ww»  *'*®  grade  can  be  marked  by  the  eye.     Prom  the  center 

siuU»Jj  nUU*  HtitkeM  may  be  set  to  mark  the  outer  edges  of  the  side 

M\i\\t «.     lAnoH  Htrotched  on  the  center  and  side  stakes  will  be  of  asslst- 

lut  I    il)  st'fMitg  th(*  true  lines  and  grades  quickly.     If  the  side  lines 

ivw  tidrnhi'd  pariillol  to  the  grade,  they  will  be  at  a  uniform  dls- 

>\u(«'  u\uivt'  (he  lioitom  of  the  side  ditches  and  can  be  used  as  guides 

a  ttnlhlilwK  Ui.;  iHttiT.  ^  .    ^    . 

lu  I  III'  lo«*M<l"»  «'  *  new  road  more  instrumental  work  le  deslr- 

Ov.    tIm*  gi'niH'ul  linp  will  be  laid  down  on  a  map.    This  line  will  be 

I    tilt'    tfround,   correcting   obvious   dlmcultles,   marked    by 

10(»  fcc»t  Hpart,  and  the  height  of  ground  at  each  stake 

IMie  slope  of  the  ground  at  right  angles  to  the  line  will 
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be  noted  at  erery  stake,  as  also  tbe  distance  of  any  obstacles  on  either 
side  which  would  make  tt  diflScult  to  shift  the  line.  The  character  of 
the  soil  will  be  carefully  noted. 

From  these  notes  a  profile  of  tbe  arronntl  will  be  made  with 
suitable  horizontal  and  vertical  scales  (see  Reconnaissance).  On  this 
ground  profile  a  profile  of  the  road  will  be  laid  down.  This  profile 
will  follow  the  natural  surface  so  long  as  no  heavy  grades  result. 
When  the  grades  are  too  steep  the  notes  will  be  consulted  to  see  If 
grades  can  be  reduced  by  shifting  the  line  to  one  side.  If  this  can  not 
be  done,  the  road  profile  will  be  so  drawn  as  to  make  the  cuts  and 
fills  equal  In  volume.  The  locations  of  bridges  and  culverts  will  be 
noted  on  the  profile,  as  also  the  lengths  requiring  especial  treatment* 
as  corduroying,  etc. 

Having  fixed  the  lines  and  grades,  determine  the  cuts  or  fills  at 
the  stakes  and  the  lateral  deviations  of  the  lines,  if  any  are  decided 
upon,  and  go  over  the  ground  again,  staking  out  the  changes  in  the 
line  and  marking  on  each  stake  the  cut  or  fill  in  feet  below  or  above 
its  top.  The  usual  method  is  to  write  cut  or  fill,  or  C  for  cut  and  F 
for  fill,  with  the  figures  indicating  its  amount  immerliately  below. 

38.  Side  stakes  are  those  used  to  mark  the  intersections  of  the 
side  slopes  of  cuts  or  embankments  with  the  natural  ground  surface. 
They  are  set  on  each  side  of  the  center  stakes  on  lines  at  right  angles 
with  the  traverse.  Their  distances  from  the  center  stake,  called 
side  distancen,  dr  and  di  (fig.  82),  depend  on  the  depth  of  cut  or 
height  of  fill,  width  of  bottom  or  top,  slope  of  sides,  and  the  trans- 
verse gradient  of  ground  surface. 

The  vertical  distances  from  the  ground  surface  at  the  side 
stakes  to  the  level  of  top  of  embankment  or  bottom  of  cut  are  called 
side  belshts,  br  and  Jhi    (fig.  82). 

If  the  arroand  is  level,  toe  side  distances  are  the  same  and  are 
equal  to  lie  +  C8,  in  which  f<7»»the  width  of  top  of  embankment  or  bot- 
tom of  cut ;  o-=>jlhe  center  cut  or  fill,  and  «s»the  number  of  units  hori- 
zontal to  1  unit  vertical  in  the  side  slopes. 

If  tbe  flrroand  slopes  from  the  center  to  the  side  stakes,  the 
determination  of  side  dutances  and  heights  can  not  be  directly  made 
by  any  formula  simple  enough  to  be  of  practical  use.  The  relation 
1b  dr=^lw  +  hrs,  which  is  not  determinate,  because  dr  and  fcr  are 
not  independent  of  each  other.  The  method  of  trial  and  error  must 
be  used  by  applying  the  following  rule :  Estimate  the  side  height 
and  work  out  the  side  distance  by  the  formula  dr  =i  iw  •{■  hrSj  or 
di  B»  jiw  +  dia.  Measure  off  the  resulting  distance  to  right  or  left 
of  the  center  stake  and  take  the  ground  level  at  the  point  found. 
If  it  is  the  same  as  the  estimated  level,  it  is  correct  and  the  stake 
may  be  driven.  If  the  measured  elevation  is  erreater  than  the 
estimated,  multiply  the  difference  by  the  slope  ratio  and  add  th^ 
product  to  the  trial  side  distance.  If  the  measured  elevation  is 
less  than  the  estimated,  multiply  as  before  and  subtract  the  prod- 
uct from  the  trial  side  distance.  Lav  off  the  new  distance  for  the 
second  trial  side  distance  and  repeat  the  operation.  A  little  practice 
will  enable  a  sufficiently  correct  result  to  be  got  at  the  first  trial. 
Side  staking  will  not  often  be  necessary  for  military  roads. 

39.  In  metaling:  a  road  much  more  attention  to  lines  and  grades 
is  necessary.  After  the  grading  is  finished,  center  and  side  stakes 
should  be  set  and  marked  with  grade  and  subgrade  instrumentally 
determined. 

40.  Cnrvatnre. — Horizontal  curves  for  changes  of  direction  can 
be  put  in  by  the  eye  with  sufficient  accuracy.  Run  out  the  two  tan- 
gents to  points  beyond  where  the  curve  will  leave  them.  Select  on 
each  a  point  where  the  curve  is  to  begin  and  set  stakes  at  these 
points.  Lay  a  line  loosely  between  the  stakes  and  with  small  pickets 
6  feet  apart  throw  the  line  into  a  curve  and  shift  the  pickets  until 
the  curve  is  fair  and  on  the  desired  ground,  letting  out  or  taking 
up  the  length  of  the  line  accordingly  as  it  proves  to  be  too  short 
or  too  long.     If  the  curve  can  be  made  level,  it  is  better  to  do  it: 
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If  Dot.  tbe  roldwar  nHHt  b«  wtdened  to  permit  Iobk  teams  to 
atralgbten  ont  tnil  pnll  (flg.  33).  Thts  la  Importaot  for  monDtalD 
roads,  wblcb  combine  •teep  Kcadeg  ana  short  tarns.  It  the  wMtb  of 
tbe  rosd  ootsldp  of  the  center  Ilnr  Is  made  equal  to  1,600 
divided  bj  tHe  ndlna  of  cnrvatnre  In  feet.  It  will  he  wide  enoagb 
for  an  S-mule  team.      If  the  radlas  of  cnrvatare  exceeds  MOO  feet  do 

To  And  the  rsdluii  o(  a 

B  Btrlng  from  any  slake  U 

direction  and  measare  the  dlstaDce  from  the  string  to  tbe  stake 
opposite  Its  middle  point.  This  distance  Is  called  a  lalddle  ordl- 
unte.  The  ndlns  ot  enn-afore  Id  feet  is  the  length  of  tbe 
string  In  feet  squared,  divided  by  elgbt  times  the  middle  ordinate  in 
feet.     Tbe  stakes  must  be  eqoldlatant. 

41,  IntrrKpffloBB  of  rlalng  xradra  should  be  flattened  so  that 
tbe  rise  on  either  side  shail  not  exceed  2  feet  In  tbe  last  100  feet 
All  abrupt  changea  of  grade  should  be  softened.  This  can  be  done 
well  enough  by  the  eye.  If  not  done  in  eonstructlon  It  will  bodd  be 
done  by  the  weather  and  Irafflc. 

42,  EnilRifltPB  (of  earthwork.— The  caleulatlon  of  qnantltlea 
In  excavations  and  embankments  will  usnall;  be  tor  bslaBclug  cuts 
and  flUs,  and  for  making  requisitions  tor  men,  teams,  and  tools. 
For  these  purposes  a  simple  rapid  method  giving  approximate  results 

Volumes  are  derived  from  the  arvms  of  cross  sHrtloiis  of  tbe 

cut  or  embankment  and  tbe  distances  between  them.  The  distances 
ran  be  directly  measured,  and  to  any  desired  accuracy.  Tbe  uncet- 
tnlDty  In  the  volunje  resides  entirely  In  the  determbatlon  of  the 
croSB-sectlonal  areas.  Tbe  croas  section  to  be  multiplied  by  any  dis- 
tance to  deduce  a  volume  Is  assumed  to  be  the  average  cross  section 
for  that  distance.     The  more  uniform  tbe  trround  tbe  easier  will  be 

aary  In  a  given  distance  to  get  a  fair  average.  Experience  has  shown 
that  for  ordinary  sroand  the  axermfCe  section  for  100  feet  In 
lenjtth  Is  very  nearly  one-half  the  sum  of  the  actnal  sections  at  tbe 
ends  of  the  same  100  feet.  Tbe  difference  Is  so  small  thai  It  may  be 
neglected  when  the  end  areas  do  not  differ  widely  In  size  and  the 
ground  between  changes  regularly  from  one  to  the  other. 

4.1.  When  (he  ground  has  no  traDnveree  slope  the  sections  are  enlied 
Iwpl  sectloDH.  For  these  the  ares  depends  upon  tbe  center  cnt 
or  nil,  tbe  bottom  or  top  width,  and  tbe  slope  of  the  sides.     Volumes 

8er  100  feet  of  line  for  level  sections,  with  center  cuts  or  Oils  of  1  to 
4  feet,  and  widths  of  16,  IS.  20,  22,  and  24  feet,  and  Bide  slopes 
wt  1  to  1. 1 M:  to  1,  and  2  to  1  are  ^ven  In  Table  II.  To  use  this  talile 
tl  U  only  necessary  to  know  the  center  cut  or  fill,  the  width,  and 
Ih»  slile  slopes,  and  of  these  only  the  flrst  requires  a  meanurement 
*tt  Ihn  irounil.  For  preliminary  eatlmates,  tbe  average  cut  or  All 
^r  tliii  I'titlre  length  of  a  cutting  or  embankment  may  be  used,  and 
■tht  winning  volume  per  100  feet  taken  from  tbe  table  may  he  multl- 
-<a«4  t>y  the  number  of  hundreds  of  feet  In  the  entire  distance  tar 
te  WKt  VOlUms. 


1^ 


Center 

Width  o[  base  al  cut  or  crmm  <A 

flIllnfMi 

S£ 

[Mt. 

" 

le 

18 

20 

22 

24 

56 

B3 

70 

78 

85 

92 

119 

133 

H8 

163 

ITS 

192 

1S9 

ail 

233 

2M 

278 

300 

4M 

tas 

■-26 
633 

5^ 

AM 

M7 

54* 

»6 

MB 

700 

752 

803 

1.0S3 

m 

936 

037 

1,111 

1,185 

11 

I.OIB 

,100 

181 

1,263 

1,3« 

1,426 

12 

244 

i'<M 

m 

lisss 

1,7C3 

1'^ 

l^^TO 

15 

llfill 

7W 

833 

i.eM 

2.'V£ 

1,778 

898 

MS 

2,133 

llBSa 

07S 

^330 

2;  456 

ii&si 

2,133 

2  SCO 

2M2 

463 

a!  744 

a(12i 

m 

^;?^ 

687 

S15 

IS 

^'114 

3,339 

32 

3  412 

aisw 

a!  Vis 

aiiM 

3663 

3;  378 

3M1 

4;  061) 

\:^_ 

li 

3,H11 

796 

981 

4,167 

4,3S2 
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Volnmes  in  cubic  yards  of  Bections  100  feet  long  of  cuts  or  em- 
Imnkmentfl  on  level  ground  with  side  slopes  of  li  to  1 : 


Center 

Width  of  base  of  cut  or  crown  of  fill  in  feet 

• 

out  or 
mi  In 

feet. 

14 

16 

18 

20 

22 

24 

1 

57 

1B5 

72 

80 

87 

94 

2 

126 

141 

156 

170 

185 

200 

3 

206 

228 

250 

272 

294 

316 

4 

296 

326 

356 

385 

415 

444 

5 

398 

435 

472 

509 

546 

583 

6 

511 

556 

600 

644 

688 

733 

7 

635 

687 

739 

791 

843 

894 

8 

770 

830 

889 

948 

1,007 

1,066 

9 

917 

983 

1,050 

1,116 

1,183 

1,249 

10 

1,074 

1,148 

1,222 

1,296 

1,370 

1,444 

11 

1,243 

1,324 

1,406 

1,487 

1,568 

1,650 

12 

1,422 

1,511 

1,600 

1,689 

1,778 

1,866 

13 

1,613 

1,709 

1,806 

1,902 

1,998 

2.094 

14 

1,815 

1,919 

2,022 

2,126 

2,230 

2,334 

15 

2,028 

2,139 

2,250 

2,361 

2,472 

2,583 

16 

2,252 

2,370 

2,489 

2,607 

2,725 

2,844 

17 

2,487 

2,613 

2,739 

2,865 

2,991 

3,117 

18 

2,733 

2,867 

3,000 

3,133 

3,266 

3,400 

19 

2,991 

3,131 

3,272 

3,413 

3,554 

3,694 

20 

3,259 

3,407 

3,556 

3,704 

3,852 

4,000 

21 

3,539 

3,694 

3,850 

4,005 

4,161 

4,316 

22 

3,830 

3,993 

4,156 

4,318 

4,481 

4,644 

23 

4,131 

4,302 

4.472 

4,642 

4,812 

4,983 

24 

4,444 

4.622 

4,800 

4,978 

5,156 

5,333 

25 

4,769 

4,954 

5,139 

5,324 

5,509 

5,694 

BQAM. 


Table  II — Conttnued. 

VolwBie*  in  cubic  yards  <rf  sections  100  feet  long  <^  cuts  or  em- 
bankments on  level  ground  with  side  slopes  of  2  to  1 : 


Center 

Width  of  base  of  cut  or  crown  of  fill  in  feet 

• 

cut  or 
fill  in 

feet. 

14 

16 

18 

20 

22 

24 

1 

59 

67 

74 

81 

88 

96 

2 

133 

148 

163 

178 

193 

207 

3 

222 

244 

267 

289 

311 

333 

4 

326 

356 

385 

415 

444 

474 

5 

444 

481 

519 

556 

593 

630 

6 

578 

622 

667 

711 

755 

800 

7 

726 

778 

830 

881 

933 

985 

8 

889 

948 

1,007 

1,067 

1,126 

1,185 

9 

1,067 

1.133 

1,200 

1,267 

1,333 

1,400 

10 

1,259 

1,333 

1,407 

1,481 

1,555 

1,629 

11 

1,467 

1.548 

1,630 

1,711 

1,792 

1,874 

12 

1,689 

1,778 

1,867 

1,956 

2,045 

2,133 

13 

1,926 

2,022 

2,119 

2,215 

2,311 

2,407 

14 

2,178 

2,281 

2,385 

2,489 

2,593 

2,696 

15 

2,444 

2,556 

2,667 

2,778 

2,889 

.    8,000 

16 

2,726 

2,844 

2.963 

3,081 

3,200 

3,318 

17 

3,022 

3,148 

3,274 

8,400 

3,526 

8,652 

18 

3,333 

3,467 

3,600 

3,733 

3,866 

4,000 

19 

3.6S9 

3,800 

3,941 

4,081 

4,222 

4,362 

20 

4,000 

4,148 

4,296 

4,444 

4,592 

4,740 

21 

4,356 

4,511 

4,667 

4,822 

4,977 

5,188 

22 

4,730 

4,889 

5,052 

5.215 

5,378 

5,641 

23 

5,111 

5.281 

4,452 

6,622 

5,702 

6,963 

24 

6,511 

5,689 

5,867 

6,044 

6,222 

6,400 

25 

6,926 

6,111 

6,296 

6,481 

6,666 

6,851 

45.  For  sroiind  'vrklok  ka«  a  lateml  slope  another  variable  must 
be  introduced,'  for  with  a  given  depth,  width,  and  side  slopes  the  area 
will  not  be  the  same  for  different  ground  slopes.  For  every  such  sec- 
tion there  is  a  level  section  of  the  same  area^  and  having  the  same 
bottom  width  and  side  slopes.  This  is  called  the  eanlvalent  leve;! 
section.  If  the  ratios  between  tlie  depths  of  oblique  sections  and 
their  equivalent  level  sections  are  known,  the  areas  of  the  oblique 
sections  can  be  taken  from  the  foregoing  table. 

The  ratios  between  center  cuts  or  fills  of  oblique  sections  and  the 
center  cats  or  Alls  of  the  equivalent  level  sections  are  given  in  the 
following  table  in  percentages,  by  which  the  acrtiial  center  cut  or 
fill  of  the  oblique  section  must  be  increased  to  produce  the  center 
cut  or  fill  of  the  equivalent  level  section.  The  table  gives  values 
for  transverse  gradients  of  16  to  1  to  6  to  1,  and  for  side  slopes  of 
1  to  1,  U  to  1.  and  2  to  1. 

To  use  the  table,  take  from  the  line  corresponding  to  the  gradient 
and  the  column  corresponding  to  the  side  slope,  the  percentage  factor, 
and  increase  the  center  cut  or  fill  by  this  percentage.  The  result  will 
be  the  depth  of  the  equivalent  level  section.  With  this  Increased  depth 
enter  the  table  of  level  sections  and  take  out  the  volume  for  a  length 
of  100  feet.  This  method  will  give  results  correct  to  I  per  cent,  cor- 
responding to  an  accuracy  in  the  levels  of  ^  foot  in  20  feet. 
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Tablb  III. 

46.  Percentages  to  be  added  to  center  kelfflita  of  sidehtll  em- 
bankments and  cuttings  to  obtain  the  center  height  of  the  level  sec- 
tion of  equal  area : 


Transverse  gradient  of  ground  surface. 

Side  slopes  of  cut  or  em- 
bankment. 

• 

ItDl. 

1>  to  1. 

2tol. 

15  to  1 

0.02 
.03 
.03 
.03 
.04 
.05 
.06 
.07 
.09 
.13 
.18 

0.03 
.03 
.04 
.04 
.05 
.07 
.08 
.11 
.14 
.19 
.27 

0.04 

14t0l 

.04 

13  to  1. 

.05 

12tol 

.06 

lltol 

.OS 

lOtol 

.09 

9tol 

.12 

Stol 

.14 

7tol 1 

.19 

6tol 

.27 

5tol 

.41 

47.  To  balance  the  cat  and  fill  In  a  side  cnttlns  the  center  line 
should  be  run  so  that  there  will  be  a  slight  cut  along  it     This  will 

give  a  small  excess  of  volume  of  cut  over  volume  of  fill,  which  is 
esirable 

48.  Handling  earth. — The  excavation  of  a  mass  of  earth  and  its 
formation  into  an  embankment  may  be  classified  into  loosenlngr* 
loadlnar*  haiilin8r»'and  apreadlngr* 

lioosenlngr  with  a  plow  will  require  2  horses,  2  men,  and  a  plow 
for  each  40  yards  per  hour.  If  very  hard,  4  horses  will  be  required 
for  the  plow.  With  picks,  1  man  for  each  40  yards  per  day,  or  10 
men  equal  1  plow. 

lioadlnur  material  Into  carta  or  wagons  will  require  1  man  for 
each  2  yards  per  hour.  All  other  loading  is  ineluded  as  a  part  of 
the  hauling. 

The  haul  or  lead  is  the  distance  to  be  traveled  from  the  point  of 
loading  to  the  point  of  dumping.  The  mean  haul  is  the  quantity 
usually  considered,  and  is  the  distance  from  the  center  of  gravity  of 
the  cut  or  excavation  to  the  center  of  gravity  of  the  fill. 

The  following  table  gives  the  yardage  made  on  various  leads  for 
wagons,  carts,  wheel  and  drag  scrapers,  wheelbarrows,  and  boxes,  or 
other  improvised  facilities.  The  load  units  assumed  are  1  yard 
for  wagons,  i  yard  for  carts  and  wheel  scrapers,  \  yard  for  dra^ 
scrapers,  -^  Tard  for  wheelbarrows,  and  ^  yard  as  a  load  for  2 
men,  carried  in  a  box  or  otherwise. 
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40.  Tardase  of 

conveyances : 


Tablb  IV. 
which  can  be  handled  per  hour  in  different 


Yardage  per  hoar  per  ooiivejanoe  for  haiiUns  in— 

Length  of  haul  in  feet. 

• 

Wagons. 

Carts  or 

wheel 

scrapers. 

Drag 
scrapers. 

Wheel- 
barrows. 

In  tubs 
or  boxes. 

40  or  less 

22.0 

14.0 

10.0 

8.0 

4.2 

2.5 

2.2 

1.9 

1.7 

1.2 

.9 

.7 

.6 

2.0 

60.. : 

1.8 

76 

1.6 

100 

12.0 
10.0 
8.6 
7.5 
6.7 
6.0 
5.5 
5.0 
4.6 
4.3 

6.0 
5.0 
4.3 
3.7 
3.3 
3.0 
2.7 
2.5 
2.3 
2.1 

1.4 

200 

.9 

300 

400 

500 

600 

700 

.   .     .  .     1 

800 

; 

900 

1 

1,000 

; 

. 

A  wagon  should  be  loaded  in  4  minutes  or  less  and  a  cart  in  2  min- 
utes or  less.  There  should  be  at  least  6  shovelers  for  each  wagon  at 
each  loading  point,  and  at  least  3  for  each  cart.  One  gang  of  shovelers 
should  not  be  required  to  load  more  than  10  wagons  or  carts  per  hour. 

'Wagons  for  kaalla^  eartk  should  have  the  ordinary  box  replaced 
by  a  bed  formed  of  side  boards,  front  and  tail  gates,  and  a  bottom  of 
scantling  about  3  by  4  inches,  not  fastened  together.  The  side  boards 
shonld  have  cleats  on  the  outside  to  take  the  standards  of  the  bolsters, 
and  other  cleats  on  the  inside  to  receive  the  head  and  tail  gates. 
The  pieces  of  the  bottom  should  have  cleats  on  the  underside  to  take 
the  rear  bolster.  To  dump  a  load  from  such  a  wagon  the  ends  are 
first  removed,  then  one  side  board  is  raised  and  dropped  down  on  the 
hnbs  outside  the  bolster.  Beginning  on  this  side,  the  bottom  pieces 
are  pulled  up  one  at  a  time,  allowing  the  dirt  to  sift  through.  ■  For 
dumping  wagons  there  should  be  2  men  at  each  dumping  point,  and, 
if  provided  with  shovels,  they  should  be  able  to  take  care  of  the 
spreading. 

Carts  and  aorap^m  are  dumped  by  the  driver  and  deposit  the  en- 
tire contents  In  one  pile.  For  this  kind  of  hauling,  spreaders  should 
be  provided  at  the  rate  of  1  man  for  each  10  yards  per  hour. 

Kxample. — Having  a  cut  to  make  400  feet  long  with  an  average 
center  depth  of  10  feet  and  a  bottom  width  of  18  feet,  side  slopes  of 
2  to  1,  and  a  transverse  ground  slope  of  10  to  1 ;  the  material  to  be 

f»laced  In  an  embankment  oOO  feet  long  adjacent  to  one  end  of  the  cut ; 
he  work  to  be  done  in  24  hours ;  material  to  be  handled*  a  light  loam. 
What  requisitions  should  be  made? 

From  Table.  Ill  take  the  coefficient  corresponding  to  2  to  1  and 
10  to  1  slopes,  0.09,  and  add  this  percentage  to  the  actual  depth  10 
feet,  giving  10.9  feet,  or,  say,  11  feet  depth  of  equivalent  level  section. 
From  Table  II  for  level  section  of  11  feet  cut,  18  feet  wide,  and  2  to  1 
slopes,  take  the  quantity  1,630,  which  is  the  yardage  in  100  feet  of 
the  cnt,  giving  1,680  X4<-»6,620  for  the  total  yardage  to  be  har*****^ 

Loosening  will  reouire  2  horses,  1  plow,  and  2  men  for  e 
yards  per  hour,  or  6,520 -r40aBi63  hours  for  the  whole,  wh 
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require  163-7- 24-«7  plows  to  do  the  work  in  24  hours.  If  7  plows 
c&o.  not  be  had,  substitute  10  men  with  picks  for  each  plow  short. 
X^  J9?  plows  are  to  be  had,  70  men  with  picks  will  be  needed. 

The  mean  haul  will  be  400  +  600-^2=500  feet.  Table  IV  shows 
-tills  can  best  be  done  with  wagons,  and  that  each  wagon  will  take 
care  of  6.7  yards  per  hour  at  that  distance,  or  160  yarda  in  24  hours ; 
jience  6,520 -f-160»41  wagons.  A  wagon  and  a  half  will  haul  10 
loftus  per  hour,  and  hence  there  should  be  a  loading  gang  for  each 
.^ngon  and  a  half,  or  27  gangs  of  6  men  each  equal  162  men,  with 
0liovels  for  loading. 

Dumping  and  spreading  will  require  10  men  with  shovels.    The  total 
force  working  continuously  will  be : 


Kind  of  work. 


tyoosenlng 

Or  if  without  plows 
T,oading 

JiAXlMTOg 

spreading 


Number 
of  men. 


14 
70 
162 
41 
10 


Number  of  tools. 


7  plows 

7()  picks.... 
162  shovels . 
41  wagons. . 
10  shovels.. 


Number 
.    of 
animals. 


14 


82 


Totnl,  227  men  and  06  animals  if  plows  are  used ;  or  283  men 
und  82  animals  if  picks  are  used. 

To    supply    this    force    for    continuous    work    for   24    hours,    there 
should  be  at  least  1,000  men  and  200  animals. 

50.  ESsttmatlns  rock. — The  principles  are  the  same  as  for  earth, 
IfVLt  the  surfaces  are  likely  to  be  less  regular,  and  greater  accuracy 
iH  desirable  on  account  of  the  labor  of  excavation.  On  the  other 
hand,  the  side  slopes,  which  in  rock  may  be  nearly  vertical,  introduce 
much  less  difficulty  in  computation  than  the  natter  earth  slopes. 
It  is  best  to  give  the  side  slopes  in  rock  a  slight  batter.  CroRs  sec- 
tions should  be  measured  at  distances  of  25  feet  or  less.  If  irregu- 
lar, it  will  be  best  to  plot  the  cross  sections  on  paper  and  measure 
the  area  by  squares.     (See  Reconnaissance.) 

If  cuts  and  fills  are  to  be  made  in  rock,  it  must  be  remembered 
that  the  broken  rock  in  the  fill  will  occupy  75  per  cent  more  volume 
than  the  same  rock  did  in  place  in  the  cut,  but  the  slopes  of  the  rock 
fill  will  be  flatter  than  the  walls  of  the  cut  and  the  crown  may  be 
wider.  It  is  safe  to  assume  that  the  rock  taken  from. a  cut  will 
moke  an  embankment  of  the  same  average  width  and  height  and  50 
per  cent  longer. 

51.  In  handling  rock  much  depends  on  its  hardness  and  stratifica- 
tion. Some  rock  can  be  pried  out  with  crowbars,  but  as  a  rule  blast- 
ing and  wedging  will  be  necessary.  The  frequency,  depth,  and  direc- 
tion of  drill  holes,  and  the  sizes  of  charges  will  depend  on  the 
nature  of  the  rock.  For  all  that  relates  to  the  use  and  handling  of 
explosives  for  this  purpose,  see  Demolitions.  As  a  rough  rule  for 
estimating,  allow  -5  pound  of  explosive  to  1  cubic  yard  of  solid  rock. 

52.  Drllliniv  (or  blaatlngr  is  best  done  with  a  Jumper.  This  is  a 
drill  of  proper  length  to  be  held  by  a  man  and  struck  on  top 
alternately  hy  2  other  men  with  8  to  12  pound  sledges.  The  holder 
turns  the  drill-  slightly  after  each  blow..  If  the  hole  is  deep  it  may 
be  started  with  a  drill  of  convenient  length  and  finished  witb  a 
longer   nne.      The   form    of    the    cutting   edge   or   hit   is   shown    in 

36,  and  86.     Drills  are  commonly  made  of  hexagonal  or 

teel.    The  form  of  the  hit  is  the  same  for  both.     Figure 

point  made  on  an  hexagonal  bar,  and  figure  3Q  the  point 
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Fig.  32 
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made  on  an  octagonal  bar.  Drills  are  sharpened  by  grinding,  and 
when  necessary  by  reforging  and  tempering.  At  frequent  intervals 
the  holder  removes  the  drill  and  scoops  out  the  dirt  from  the  bot- 
tom of  the  hole  with  a  spoon. 

Drill  holes  are  usually  from  i  to  2  inches  in  diameter,  according  to 
the  form  of  the  cartridges  to  be  used.  The  number  and  depth  will 
depend  on  the  character  of  the  rock.  If  the  rock  is  to  be  loaded  into 
wagons,  it  is  best  to  use  enough  powder  to  break  it  at  once  into 
l-man  and  2-iuaii  stone,  which  names  apply  to  pieces  of  about  50 
and  100  pounds  weight,  which  can  be  thrown  into  a  wagon  by 
one  and  two  men,  respectively.  Stones  too  large  to  be  handled  may 
sometimes  be  broken  by  sledges,  or  they  can  be  split  by  wedging.  For 
this  purpose  holes  about  Z  inch  in  diameter  and  4  inches  deep  are 
drilled  on  a  line,  with  their  axes  lyine  in  the  plane  of  deavaare. 
called  by  quarry  men,  the  grraln.  One  man  does  the  drilling  and 
striking,  using  a  small  drill  the  size  of  a  cold  chisel  and  a  band  ham- 
mer of  2  to  5  pounds  weight.  When  the  holes  are  drilled,  plngr*  and 
featliers  are  inserted.  These  are  wedges  of  steel  and  frustums  of 
cones  of  malleable  iron  (fig.  37).  The  feathers  are  placed  in  the 
hole,  large  ends  down,  and  the  plugs  are  inserted  between  them  apd 
struck  in  rotation  until  the  stone  splits.  This  method  is  used  for 
breaking  out  nieces  for  culverts,  coping,  etc. 

The  rate  of  progress  in  drilling  depends  on  the  character  of  the 
rock  and  the  skill  of  the  drillers  and  tool  sharpeners.  For  average 
conditions  of  military  road  work,  estimate  8  Inches  per  drill  i>er 
hour. 

58.  When  it  is  desired  to  make  a  side  cutting  in  rock  too  steep  to 
permit  working  on  its  face,  operations  may  be  carried  on  from  one 
or  both  ends.  Figures  38-^0  show  a  good  method.  A  Une  of  drill 
holes  should  be  made  at  the  floor  level  as  shown  at  a  and, other 
holes  b  drilled  in  the  working  face  to  break  up  the  rock  over  the 
area  to  be  removed.  The  holes  a  are  not  loaded ;  their  purpose  is 
to  produce  a  fairly  uniform  surface  of  fracture  to  form  the  roadbed. 
It  is  necessary  to  drill  them  on  a  slant,  as  shown  in  figure  38,  which 
will  leave  the  floor  in  a  saw-toothed  surface.  This  and  other 
asperities  left  in  the  floor  must  be  sledged  ofF,  and  the  cavities  filled 
with  small  broken  stone  and  stone  dust  to  give  a  proper  wheel- 
bearing  surface.  The  holes  b  are  overcharged  sufficiently  to  break 
up  the  rock  and  throw  as  much  of  it  as  possible  over  the  bank.  If 
the  cliff  is  vertical  or  nearly  so,  the  cutting  takes  the  form  of  a 
half  tunnel  (fig.  40). 

The  roadbed  should  slope  inward  for  greater  security  of  traflSc. 
This  will  throw  the  drainage  to  the  wall.  There  will  not  be  much 
of  it  at  a  rule,  and  there  will  usually  be  crevices  in  the  rock  suffi- 
cient to  take  care  of  it.  Otherwise  it  must  run  to  the  ends  of  the 
cut  or  be  collected  at  a  low  point  and  a  channel  made. through  the 
floor  of  the  cut,  with  slopes  sufficient  to  run  the  water  over  the  cliff. 
This  channel  can  be  filled  up  to  the  road  level  with  broken  stone. 
Vertical  holes  should  be  drilled  a  few  feet  apart  near  the  outer  edge 
of  the  roadway  and  bars  of  iron  set  in  them  with  eyes  in  the  top 
throu|di  which  a  chain  or  rope  may  be  passed  to  form  a  guard  rail. 

54.  In  dearinar  a  line  tltronarh  'v«'oo4«y  the  work  may  be  re- 
duced to  a  minimum  by  curving  the  road  gently  to  avoid  as  many 
large  trees  as  possible.  If  there  is  undergrowth  of  anv  kind,  a  first 
party  should  cut  and  remove  it  to  a  distance  of  20  feet  on  each  side 
of  the  road.  If  needed  for  use  elsewhere,  the  same  party  should 
prepare  it  for  such  use.  If  not  needed,  it  should  be  burned.  The 
second  party  should  fell  trees,  cut  them  up  into  manageable  lengths, 
and  remove  them  from  the  roadway,  and  this  party  should  be  so 
adjusted  that  the  cutting  up  and  removal  will  keep  pace  with  the 
felling.  Care  should  be  taken  to  avoid  felUng  a  tree  across  another 
AAA  AiiiAA^y  down. 

the  actual  roadway  or  near  Its  edges  are  best  felled  by 
ind  them  and  cutting  off  the  principal  roots  at  8  or  4 
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feet  from  the  trunk  and  then  pnlUng  the  tree  over,  stump  and  all. 
If  stumps  of  trees  already  cut  are  to  be  removed,  it  may  be  done  by 
blasting.  The  charge  should  be  put  low  down  in  the  stump,  digging 
if  necessary. 

55.  Cost. — The  factors  entering  Into  the  cost  of  roads  are  so  many 
and  so  complex  that  a  safe  estimate  can  not  be  made  without  a 
knowledge  or  the  conditions  to  be  met  in  the  particular  case. 

The  following  data  are  designed  to  guide  the  Judgment  in  form- 
ing conclusions  as  to  the  probable  limits  of  cost  of  different  classes 
of  roads,  so  that  the  first  survey  and  estimate  may  be  made  for  a 
road  which  can  be  built  with  the  resources  at  hand. 

56.  Clearing  may  be  taken  at  $10  to  $50  per  acre,  or  $20  to  $400 
per  mile  for  timber  varying  from  scattering  to  dense  and  widths  of 
16  to  60  feet. 

57.  Earthworli:. — In  a  flat  or  gently  rolling  country  where  the 
road  will  mainly  follow  the  natural  surface  with  level  cross  sections, 
the  side  ditching  and  crowning  may  be  taken  at  $350  per  mile.  In 
mountainous  or  rough  country,  with  the  road  mainly  in  side  cuttings, 
the  grading  and  ditching  may  be  taken  at  $350  to  $700  per  mile, 
the  former  for  a  lateral  gradient  or  15  to  1,  and  the  latte^  for  5  to  1. 
For  steeper  lateral  gradients,  the  cost  will  be  greater. 

58.  For  embankments  and  enttinsrs  in  earth,  compute  the 
volume  of  earth  to  be  moved  from  Tables  II  or  III  and  take  the  cost 
at  20  cents  per  yard  plus  i  cent  for  each  100  feet  of  haul. 

Cuttings  and  embankments  iii  rock  vary  so  widely  in  cost  that  any 
figure  given  as  standard  would  be  misleading  in  a  majority  of  cases. 
Extensive  rock  excavations  will  rarely  be  undertaken  in  military  road 
^i^ork 

59.*  Metallnar* — For  gravel,  take  $400  and  for  macadam  $500  per 
mile  for  each  inch  of  thickness. 

60.  Bridges  and  culverts  must  be  estimated  separately. 

61.  For  a  dirt  road  following  the  natural  surface  in  level  cutting 
the  limit  of  cost  may  range  from  $500  to  $2,000  per  mile,  -depending 
on  the  character  o{  soil,  amount  of  clearing,  and  the  number  of  bridges 
and  culverts. 

For  a  dirt  road  in  side  cutting  the  limits  of  cost  may  vary  from 
$500  to  $3,000  per  mile,  depending  on  the  character  of  the  soil, 
amount  of  clearing,  number  of  bridges  and  culverts,  and  the  lateral 
sradients 

Two  thousand  dollars  per  mile  is  used  in  estimating  the  cost  of 
standard  roads  under  average  condltionB  in  the  Yellowstone  National 
Park. 

Macadam  roads,  usually  called  stone  roadSf  have  been  built  exten- 
sively  in  various  States  of  the  Union  at  costs  ranging  from  $2,500  to 
$3,000  per  mile.  The  figures  here  given  as  to  metaling  are  based  on  a 
maximum  width  of  18  feet. 
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PART  v.— FIELD  FORTIFICATION,   INCLUD- 
ING MINING  AND  DEMOLITIONS. 


1.  FORTIFICATION  Is  the  art  of  Increasing  by  engineering  de- 
Tices  the  fighting  power  of  troops  occup;^lng  a  position.  These  devices 
have  for  their  object  to  Increase  the  effect  of  the  Are  action  of  troops 
protected  by  the  fortifications  and  their  mobility  on  the  field,  or  to 
dindnlsh  the  effect  of  the  fire  action  of  the  assailant  and  his  mobility. 

2.  FIEliB  FORTIFICATION  deals  with  the  preparation  of  such 
devices  of  a  temporary  character  for  immediate — ^not  permanent — use, 
In  a  position  which  derives  Its  tactical  value  from  the  incidents  of  a 
pending  campaign  and  which  may  lose  that  value  at  or  before  the  close 
of  the  campaign. 

8.  The  principal  classes  of  field  fortification  devices  are : 
.    Those  which  produce  an  unobstructed  ilelA  of  Are  in  front  of 
the  line  of  defense — clearings,  demolitions,  grading. 

Shields  or  shelters,  which  protect  the  defender  from  the  assail- 
ant's fire — ^trenches,  galleries,  redoubts,  blockhouses,  etc. 

Masks,  which  conceal  the  defender  from  the  assailant's  view — 
plantations,  embankments,  screens,  etc. 

Obstacles,  by  which  the  advance  of  the  assailant  is  retarded — 
abattls,  slashings,  entanglements,  etc. 

Facilities  for  communication  for  the  defender — roads,  bridges, 
telegraphs,  etc. 

Obstructions  to  communication  of  the  assailant — destruction 
of  bridges,  obstruction  of  roads,  obstacles,  etc. 

Manv  devices  fall  into  more  than  one  of  the  above  categories. 

4.  t^ield  fortification  may  be  divided  into  hasty  Intrenchments, 
deliberate  intrenchments,  and  slej?e  ^-orlcs.  Hasty  in" 
trenchmeikt  includes  devices  resorted  to  by  troops  upon  a  battle 
field  to.  Increase  or  prolong  their  fighting  power,  usually  constructed  in 
the  presence  of  the  enemy  and  in  haste.  Deliberate  intrenchment 
comprises  works  constructed  by  troops  "not  In  line  of  battle  for  the 
protection  of  depots,  lines  of  communication,  supply,  or  retreat,  etc. 
As  they  are  usually  Intended  to  enable  a  small  force  to  resist  a  much 
larger  one,  they  are  more  carefully  designed  than  hiasty  intrench- 
ments and  have  greater  defensive  strength.  Sie^rc  i^vorlts  comprise 
devices  used  by  besiegers  and  besieged  In  the  attack  and  defense  of 
strong  fortifications,  an'd  especially  those  devices  which  enable  troops 
to  advance  under  .continuous  cover. . 

The  lines  of  division  of  the  three  classes  are  not  definite. 
Some  devices  may  belong  to  more  than  one  class,  and  a  work  begun 
In  one  class  may  be  merged  into  and  be  completed  In  another. 

5.  COVCR. — Protection  from  fire  or  view  Is  usually  called 
cover.  Protection  from  fire  is  divided  into  horizontal  and  over- 
head cover.  Hori>ontal  cover  gives  protection  against  direct  or 
horizontal  fire.  It  usually  takes  the  form  of  a  shot-proof  barrier,  ver- 
tical or  nearly  bo.  Overhead  cover  gives  protection  against  In- 
direct or  high-angle  fire,  and  against  the  fragments  of  shells  and 
shrapnel  bursting  overhead.  It  ordinarily  takes  the  form  of  a  shot- 
proof  barrier,  horizontal  or  nearly  so.  Overhead  covers  are  often 
referred  to  as  bombproof s  or  splinter  proofs — ^the  latter  if  they 
are  Ught,  but  proof  against  rifle  fire  or  fragments  of  shell  df  shrapnel, 
theformer  if  they  are  strong  enough  to  resist  the  curved  and  vertical 
fire  of  siege  guns  and  mortars.    The  term  splinter  proof  is  also  ar- 
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plied  to  horizontal  cover  thick  enough  only  to  stop  fragments  of  shell 
or  shrapnel. 

Unrevetted  trenches  even  with  side  slopes  as  flat  as  1  on  1  are 
sure  to  cave  In.  A  good  berm  18  Inches _wide  and  revetment  are 
therefore  essential.  The  minimum  width  at  the  bottom  Is  2  feet  6 
Inches,  or  better  3  feet,  but  3  feet  should  seldom  be  exceeded; 
greater  width  reduces  the  protection  too  much.  Revetted  sides 
should  have  a  slope  of  4  on  1  or  3  on  1  and  not  be  cut  vertical.  The 
depth  from  the  top  of  the  parapet  to  the  floor  board  or  bottom  of  the 
trench  should  be  not  less  than  7  feet  If  possible.  Height  of  parapet 
will  depend  on  the  site  and  the  depth  of  the  ditch  for  drainage. 

6.  CONCBAIiMBNT. — Concealment  depends  primarily  upon  the 
nature  of  the  terrain  and  local  circumstances.  Every  artificial  means, 
also,  must  be  taken  to  hide  trenches,  gun  emplacements,  and  other 
works.  The  aim  should  be  to  alter  the  natural  surface  of  the  ground 
as  little  as  possible  and  to  present  a  target  reduced  to  the  smallest 
possible  dimensions.  A  newly  constructed  deep,  narrow  trench  with 
low,  wide  parapet  and  parados  Is  more  visible  to  an  air  scout  than  the 
higher  and  narrower  parapet  of  a  shallow  trench.  Once  the  new 
earth  Is  sodded  the  trenches  lose  their  conspicuousness  to  a  great 
extent.  In  rocky  ground  or  on  bottom  lands,  where  the  ground  water 
Is  close  to  the  surface,  a  trench  with  a  high  parapet  is  essential. 

7.  PROFIJLESS. — A  profile  is  a  section  ot  any  cover  made  by  a 
vertical  plane  perpendicular  to  its  general  direction  or  practically 
parallel  to  the  direction  of  fire  against  and  over  It.  Figure  3  is  a 
profile  on  which  the  names  of  the  component  parts  are  Indicated. 

In  dimensioning  a  profile  the  plane  of  site  (supposed  horizontal)  Is 
taken  as  the  plane  of  reference.  The  distances  of  points  of  the 
profile  from  this  plane  are  stated  in  feet  and  fractions — those  above 
with  the  plus  sign  and  those  below  with  the  minus  sign.  These 
quantities  are  inclosed  In  parentheses  and  are  called  references. 
Generally  speaking,  the  plus  quantities  relate  to  embankments  and 
the  minus  quantities  to  excavations.  If  the  site  Is  not  horizontal,  the 
plane  of  reference  Is  assumed  to  pass  through  a  point  of  the  site 
vertically  below  the  middle  point  of  the  Interior  crest. 

8.  Command  has  reference  to  difference  of  elevation;  a  higher 
point  commandlngr  a  lower  one ;  the  latter  commanded  by  the 
former.  «  Tlie  command,''  used  without  qualification,  means  the 
beiirlit  of  parapety  or  the  elevation  of  Interior  crest  above  plane 
of  site.  The  degree  of  command  of  one  point  over  another  may  be 
expressed  by  the  difference  of  elevation  In  feet,  or  better,  by  the 
gradient  of  the  line  Joining  them. 

The  relief  of  a  parapet  is  the  elevation  of  the  interior  crest  above 
the  lowest  surface  Immediately  In  front — the  bottom  of  the  ditch.  If 
there  Is  one.  With  no  ditch  and  a  level  site  the  relief  and  the  l^elght 
of  parapet  or  command  become  the  same. 

The  clear  height  behind  the  parapet  will  be  referred  to  as  vertical 
cover.  It  is  the  elevation  of  the  interior  crest  above  the  bottom 
of  the  trench,  or  above  the  natural  surface  If  there  is  no  trench. 

By  the  thickness  of  a  parapet  Is  meant  the  horizontal  distance 
between  the  tops  of  the  Interior  and  exterior  slopes.  It  Is  used  as  a 
measure  of  the  amount  of  horizontal  cover. 

9.  Tbe  principal  conditions  which  determine  the  form  of  a 
profile  of  horizontal  cover  are  the  following: 

The  interior  slope  or  breast  height  should  be  nearly  vertical, 
and  its  height  must  correspond  to  one  of  the  adopted  firing  posi- 
tlons,  1.  e.,  lying,  kneeling,  or  standing. 

The  least  thickness  is  regulated  by  the  kind  of  fire  against 
which  protection  Is  desired,  as  rifle,  field,  or  siege  artillery,  and  the 
range. 

The  superior  slope  should  have  an  inclination  such  that  fire 
over  and  parallel  to  it  will  sweep  the  ground  in  front.  One-sixth 
TiiM  he^n  adopted  as  standard. 

>  exterior  slope  and  the  sides  of  trench  and  ditch  should  be 
as  the  supply  of  material  and  the  labor  of  Dladns  it  will 
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permit,  and  the  superior  and  exterior  slopes  should  either  be  merged 
or  make  a  small  angle  with  each,  other.  The  banquette  slope,. 
If  long,  should  be  cut  Into  steps  to  facilitate  movement  over  it. 

The  qnantitF  of  trencH  excavation  and  of  embankment 
should  be  nearly  equal  to  minimize  labor.  This  applies  only  to  small 
parapets  in  which  all  the  excavation  is  in  a  trench.  For  heavy  para- 
pets labor  is  saved  by  making  the  trench  supply  the  inner  part  and 
taking  the  outer  from  a  ditch. 

The  command  should  usually  be  kept  as  low  as  possible,  for 
better  concealment.  For  the  same  reason  all  sharp  angles  and  hard 
lines  should  be  avoided. 

The  thickness  of  ordinary  earth  required  to  resist  penetra- 
tion at  usual  battle  ranges  is  3  feet  for  rifle  fire,  4  to  6  feet  for 
field  guns,  and  15  to  20  feet  for  siege  guns.  It  should  be  remembered 
that  any  protection  is  better  than  none.  Mere  concealment  from 
view  by  a  screen  wholly  inadequate  to  resist  penetration  will,  for  rifle 
fire  especially,  greatly  reduce  the  casualties  since  the  enemy's  fire 
will  be  less  rapid  and  less  accurate  if  he  can  not  see  his  target. 

A  narrow  trench  is  desirable  as  it  presents  a  smaller  target. 
There  must,  however,  be  enough  width  to  permit  the  construction  of 
a  firing  banquette  and  of  a  certain  deeper  space  at  the  rear  part  of 
the  trench  to  allow  men  to  pass  behind  the  firing  line.  Also  enough 
slope  must  be  given  the  walls  and  the  embankment  work  to  prevent- 
crumbling. 

10. 'THE  MODBRN  RIFLB.-^^he  Springfield  rifle,  model  1003, 
adopted  by  the  United  States,  is  a  good  example  of  the  type  used  by 
nations  to-day.  The  caliber  .30  pointed  bullet  weighing  150  grains- 
has  an  Initial  velocity  of  2,700  feet  per  second.  The  rifle  is  sighted 
for  2,500  yards  and  nas  a  point-blank  range  of  550  yards.  It  is  a. 
clip  loader  and  can  fire  at  the  rate  of  20  shots  per  minute.  This 
high-powered  magazine  rifle  has  a  very  flat  trajectory  (maximum 
ordinate  2  feet  at  500  yards,  14.5  feet  at  1,000  yards,  53  feet  at  1,500 
yards,  132  feet  at  2,000  yards,  271  feet  at  2,500  yards),  thus  giving 
very  great  danger  space  at  all  battle  ranges. 

The  angle  of  fall  of  the  bullet  at  600  yards  is  about  1/115;  at 
1,100  yards,  about  1/29;  at  2,200  yards,  about  1/4.75. 

Rifle  penetration. — The  following  table  gives  the  approximate 
maximum  penetration  in  various  materials : 

PENETRATION  OF  RIFLE  BULLET. 


Commercial  steel 

1-inch  brokoi  stone,  gravel 

Hard  coal  between  1-lnch  boards . 

Brick  masonry,  cement^ 

Brick  masonry,  lime^ 

Sand,  dry 

Concrete,  1-^5 

Oak 


Inches. 


Sand,  wet.., 

Pine 

Earth,  loam. 
Grease  clay.. 


200  yards. 

600  yards. 

0.30 

0.10» 

4.80 

4.3& 

9.00 

7.0O 

2.20 

i.ao> 

2.40 

1.20< 

9.00 

12.00' 

3.00 

2.00* 

27.00 

12.00 

15.00 

13.00' 

26.00 

13.00 

20.00 

16.00 

60.00 

32.00 

^For  sinele  shot:  150  rounds  concentrated  at  one  spot  will  break  a  9-inch  wall 
at  200  yards. 
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Armor-pierolnflT  bullets  versus  flreit-elasM  special  steel 
armor  plates. — Penetrations  have  been  obtained  at  following  ranges 
for  following  thicknesses  of  armor  plate  (normal  impact)  : 


Thickness  of 
plate  in  inches. 

« 

Range  in  yards. 

0.05 

2,000 

.10 

1,500 

.16 

1,000 

.20 

600 

.25 

400 

.30 

320 

.35 

200 

.45 

About  25 

The  bullets  were  special  armor  piercing:  bullets  snch  as  are  being 
nsed  by  European  belligerents  for  attacking  trench  shields,  armored 
automobiles,  and  aircraft,  etc.  The  armor  plate  was  of  the  first 
quality,  special  high  carbon  steel.  One-half  Inch  special  armor  plate 
Is  probably  the  minimum  that  will  resist  all  bullets  at  short  range. 

Ordinary  ser^'ice  bullets  (Springfield  caliber  .SO)  vennta 
■pedal  steel  armor  plates  (same  plate  as  above). — In  cohnec- 
tion  with  the  above  tests,  it  was  found  that  the  ordinary  service 
bullet  will  not  penetrate  a  i-iuch  special  armor  plate  at  10  yards  range. 

MAXIMITM  RANGE  AT  WHICH  VARIOUS  BULLETS   WILL  PERFO- 
RATE MILD  STEEL  PLATES  AT  VARIOUS  THICKNESSES. 


Bullet, 

MuzKle 
velocity. 

Thick- 
ness of 
plate. 

Similated 
range. 

Strik- 
ing ve- 
locity. 

Remarks. 

180  gr.  A.  P 

2,600 

0.256 

900  yards.. 

1,214 

.378 

600  yards.. 

1,600 

.542 

450  yards. . 

1,815 

Penetrated  0.611 

.615 

250  yards.. 

2,141 

inch.  Bnlged  op- 
posite side.  Small 
hole  through  plate.i 

.771 

100  yards.. 

2,406 

.885 

50  feet 

2,560 

ISO  gr.  service 

2,700 

.256 

375  yards.. 

1,900 

.378 

200  yards.. 

2,245 

.542 

78  feet 

2,640 

Penetrated    0.58 

ISOjT.  A.P 

2,700 

.256 

700vards.. 

1,361 

inch.     Bulged  op- 

.378 

500  yards. . 

1,663 

posite  sidei 

.542 

230  yards.. 

2,142 

.615 

200  yards.. 

2,245 

.771 

SOvards... 

2,584 

.885 

78  feet 

2,640 

150gr.  A.  P 

2,900 

.256 

775  yards. . 

1,361 

^-^ 

.378 

585  yards.. 

1,663 

.542 

330  yards.. 

2,142 

.615 

280  yards.. 

2,345 

.771 

130  yards.. 

2,584 

.885 

105  yards.. 

2,650 

150  gr.  service  re- 

2,700 

.256 

450  yards.. 

1,746 

versed. 

.378 

lOOvards.. 

2,406 

1 
1 

.542 

25  feet 

I 

2,680 

Penetrated  0.478 
inch.  Bulged  op- 
positeside.! 

*  In  tbp$ic  ca-es  the  penetration  came  so  near  b^ng  perforation  as 
to  show  that  the  bnllet  was  practically  a  match  for  the  plate. 


11.  Profiles  to  resist  rifle  fire. — Tlie  skirmisher's  trencli 

(fig.  4),  gives  coyer  to  a  man  lying  down.  The  height  of  parapet 
should  not  exceed  1  foot.  A  trench  of  this  profile,  21  feet  front,  can 
be  constructed  in  soft  ground  in  20  minutes  or  less.  If  under  fire, 
the  trench  can  be  constructed  by  a  man  lying  down.  He  can  mask 
himself  from  view  in  10  or  12  minutes  and  can  complete  the  trench 
in  40  to  45  minutes.  A  good  method  of  working  tB  to  dig  a  trench 
18  inches  wide  back  to  the  knees ;  roll  into  it  and  dig  12  inches  wide 
alongside  of  it  and  down  to  the  feet ;  then  roll  into  the  second  cut 
and  extend  the  first  one  back. 

It  is  noted  by  our  observers  of  the  Manchurian  war  that  the  lylns 
trencb  was  seldom  if  ever  used.  The  lying  trench  still  appears  to  be 
the  best  way  to  obtain  slight  cover  under  hot  lire  with  a  mlnlmniii 
of  casualties,  not  only  because  it  involves  less  digging,  but  also  be- 
cause the  men  are  less  exposed  while  digging  and  are  partially  pro- 
tected from  the  beginning  of  the  work,  and  the  use  of  the  lying  trench 
may  yet  be  advisable  for  our  Army.  It  is  premature  to  regulate  this 
form  to  oblivion.  NormallTy  the  first  objective  will  be  a  simple 
standlnsr  trench.  The  lying  form  will  be  used  only  when  a  stamling 
trench  is  so  difficult  of  construction  as  to  be  impracticable.  However, 
the  principles  of  the  construction  of  the  lighter  forms  and  their  con- 
version into  stronger  forms  should  not  be  lost  sight  of. 

The  lying  trench  will  be  constructed,  when  necessary,  under  fire. 
It  will  be  completed  Into  a  standing  trench  when  opportunity  offers. 
If  the  soldier  is  not  under  fire,  the  lying  trench  will  not  be  con- 
structed  at  all 

The  standi nf?  trench  (figs.  5^  6,  and  7)  has  a  bottom  width  of 
about  2i  feet,  and  relief  of  4 J  feet.  This  is  proper  firing  height  for 
men  of  average  stature.  Short  men  may  gouge  out  the  superior  slope 
a  little  or  throw  some  earth  under  their  feet.  The  standing  trench 
can  be  excavated  in  soft  ground  in  2  to  2i  hours.  The  kneeling 
trench  can  be  converted  into  the  standing  in  about  li  hours. 

The  standing  trench  does  not  give  complete  cover  to  men  standing 
erect  in  it,  and  the  next  stage  of  development  is  a  passageway  exe- 
cuted in  the  rear  of  the  trench  not  less  than  6  feet  below  the  Interior 
crest.  This  forms  the  complete  trench  (figs.  1,  8,  9,  10,  and  11), 
which  can  be  constructed  in  soft  ground  in  4  to  4 i  hours,  placing  all 
the  material  in  the  parapet.  The  height  remaining  the  same,  this 
extra  material  all  goes  to  Increase  thickness,  which,  if  rifle  fire  only 
Is  considered,  becomes  greater  than  is  necessary.  In  this  case  some 
labor  and  time  may  be  saved  by  wasting  the  excavation  from  the 
complete  trench  in  the  rear. 

The  type  profiles  shown  are  those  which  represent  pro|)er  solu- 
tions of  the  problem  under  averagre  conditions*  If  actual  condi- 
tions are  exceptional,  the  exceptions  should  be  accounted  for  in  the 
profile.  Thus  the  existence  of  a  screen  of  grass  might  determine  a 
profile  which  is  a  compromise  between  figures  5  and  6,  the  exact  ar- 
rangement depending  on  the  height  of  the  grass,  or  a  slight  rise  of 
ground  in  front  calling  for  a  higher  command  might  result  in  the 
adoption  of  a  profile  based  on  figure  7,  but  with  a  higher  parapet  and 
shallower  trench,  utilizing  in  the  parapet  part  or  all  of  the  volume  of 
earth  marked  "  to  be  wasted  '*  in  n&rure  9.  Type  or  average  condition 
profiles  having  commands  of  1  to  2 ^  feet,  Increasing  by  steps  of  i 
foot,  are  shown  in  figures  5  to  11.  Taking  the  earth  from  the  entire 
width  of  trench  and  distributing  it  over  the  entire  width  of  parapet 
in  the  easiest  and  most  natural  manner  should  produce  nearly  the 
desired  profile.  With  the  interior  crest  of  proper  height  and  the  base 
of  parapet  of  proper  width,  a  general  slope  from  the  creart  to  the 
outer  line  of  the  base,  ft  little  full  or  convex  upward  In  the  rear  or 
higher  half  and  a  little  slack  or  concave  upward  in  the  front  or  lower 
half,  will  give  an  excellent  profile.  The  elbow  rest  only  requires 
especial  attention.     This  may  be  formed  as  the  parapet  goes  up  or 
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may  be  cut  after  the  parapet  is  finished,  according  to  conditions  and 
the  preference  of  the  builders.  The  elbow  rest,  while  most  desirable. 
Is  not  essential,  and  if  under  fire  or  if  the  earth  does  not  stand  well 
It  may  be  omitted  and  an  interior  slope  formed  as  in  the  older  profiles. 

12.  Protection  asainst  artillery. — From  the  preceding  figures  it 
Is  seen  that  the  extremely  loW  parapet  necessary  for  concealment  and 
the  slight  slope  to  the  front*  necessary  for  proper  sweep  of  ground 

fractically  eliminate  all  considerations  of  thickness  of  the  parapet, 
t  is  thus  necessary  to  consider  only  the  angle  of  fall  of  projectiles 
and  shrapnel  and  the  effect  of  ex:plosive  shells. 

The  angle  of  fall  of  projectiles,  considering  them  as  just  grazing 
the  interior  crest,  has  always  been  an  important  factor  in  designing 
trenches.  Protection  against  artillery  fire  calls  for  very  deep,  nar- 
row trenches.  The  effect  of  shrapnel  may  be  lessened  by  recessing 
the  trenches ;  while  the  effect  of  high-explosive  shell  may  be  greatly 
localized  by  providing  numerous  traverses  and  small  parados.  It 
might  be  noted  that  instead  of  by  far  the  majority  of  shells  being 
shrapnel,  as  was  the  case  a  few  years  ago,  explosive  shell  has  become 
the  primary  projectile,  its  use  far  exceeding  all  expectations.  It  is 
well  to  add  a  parados  to  trenches  (fig.  12),  particularly  if  there  is  an 
excess  of  excavation,  as  a  parados  protects  against  the  back  blast  of 
high-explosive  shell.  The  high-angle  fire  of  to-day  has  increased  the 
difficulties  of  protection  in  trench  design,  while  the  tendency  toward 
the  use  of  the  large  calibers  of  heavy  field  artillery,  together  with  an 
almost  unlimited  supply  of  ammunition,  has  furthered  these  difficul- 
ties. The  efficiency  of  artillery  has  increased  the  Importance  of  con- 
cealment in  trench  design.  For  immunity  from  artillery  fire,  trench 
personnel  must  depend  first  upon  presenting  a  target  of  great  dis- 
persion and  little  size,  well  concealed.  Every  natural  and  artificial 
means  is  taken  toward  this  end,  trenches  having  been  placed  even  on 
the  reverse  slopes  of  hills  with  a  field  or  fire  of  as  little  as  100  yards. 
As  soon,  however,  as  the  enemy  places  his  opposing  trenches  within 
100  yards,  his  artillery  is  furnished  the  means  of  observing  his  shots, 
and  this  means  of  concealment  becomes  nullified.  Under  the  circum- 
stances, unless  the  enemy's  artillery  can  be  subjected  to  an  over- 
whelming return  artillery  fire,  there  is  but  one  mode  of  action  remain- 
ing, which  is  a  reduction  of  the  number  of  troops  exposed  to  artillery 
fire,  either  by  withdrawing  them  to  shelters  in  rear  or  providing  dug- 
outs in  the  fire  trenches.  The  choice  of  positions  for  supports  and 
the  construction  of  good  communicating  trenches  from  these  posi- 
tions to  the  front  line  have,  therefore,  become  of  prime  importance ; 
while  the  necessity  for  obstacles  sufficient  to  retard  the  enemy  until 
supports  can  arrive  in  the  front  line  has  become  equally  so. 

13.  Special  prollles. — ^The  advantages  of  the  normal  profiles 
above  described  are  that  they  produce  a  given  cover  with  the  least 
expenditure  of  time  and  labor,  and  that  the  first  protection  secured 
can  be  utilized  as  partial  cover  while  enlarging  and  strengthening  it. 
The  disadvantages  are  that  the  effective  cover  is  restricted  to  a 
narrow  zone  immediately  in   rear  of  the  parapet,   and   that  in   wet 

ground  or  wet  weather  it  is  difficult  to  keep  the  trench  reasonably 
ry.     More   complete   concealment   than   is   afforded   by   the    normal 
profile  is   sometimes   verv    desirable. 

The  normal  profile  may  be  modified  in  various  ways  to  iheet  local 
conditions.  Tlie  cover  may  be  all  in  embantcment  and  earth  may 
be  taken  from  a  ditch  or  borrowed  at  a  distance  (fig.  13).  In  this 
form  the  command  is  equal  to  the  relief  and  the  protection  extends 
to  a  greater  distance  In  rear.  It  may  be  used  when  the  conditions 
of  the  site  call  for  more  command  or  the  character  of  the  soil  pre- 
cludes a  trench.  A  trench  is  not  feasible  in  very  wet  soil,  while  a 
ditch,  though  more  difficult  to  dig,  is  better  when  done  for  mud  or 
water  in  the  bottom. 

The  cover  may  be  all  In  excavation  (figs.  14  and  15).  These 
forms  were  used  by  the  Boers,  and  by  the  Spanish  in  front  of  Santi- 
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ago.  The  undercutting  was  peculiar  to  the  Boer  trench.  This  form 
may  be  made  completely  invisible.  It  is  practicable  only  when  the 
natural  surface  has  sufficient  command  and  when  the  ground  to  be 
swept  is  also  a  general  concave;  when  the  soil  is  stiff  but  workable, 
porous  and  dry  to  a  considerable  depth.  If  there  are  folds  of  ground, 
bushes,  woods,  or  other  meahs  of  concealing  It,  the  excavated  earth 
may  be.  scattered  on  the  ground ;  if  not,  it  must  be  carried  away,  or 
thrown  into  irregular  mounds  on  the  rear  side,  concealed  by  making 
them  resemble  the  foreground. 

In  an  inclosed  or  partially  inclosed  work  for  a  stubborn  defense  of 
the  ground  the  parapet  must  be  heavy  enough  to  resist  siege  guns,  the 
relief  must  be  considerable  to  resist  assault,  and  men  on  any  part  of 
the  parade  must  be  screened  from  view.  A  profile  shown  in  figure  16 
results.  By  preparing  the  counterscarp  as  a  firing  crest  a  double 
tier  of  infantry  fire  is  obtained.  Good  commanlcatlonr  but  easily 
interrupted,  must  be  provided  from  the  ditch  througrh  the  parapet 
to  enable  the  front  line  to  retreat  when  too  hard  pressed  (fig.  17). 

If  the  presence  of  water  or  hard  material  makes  only  shallow  exca- 
vation practicable,  the  trench  and  ditch  must  be  widened.  The  para- 
pet must  be  higher  by  the  difference  between  normal  and  actual 
depth  of  trench,  so  that  more  material  must  be  handled,  and  It  must 
be  moved  farther. 

.For  example,  assume  a  parapet  6  feet  high  with  a  sectional  area 
of  60  square  feet  to  have  a  vertical  cover  of  10  feet.  This  might 
be  dug  from  a  trench  4  feet  dee^  and  15  fee^  wide,  or  from  a  trench 
10  feet  wide  and  a  ditch  5  feet  wide  by  4  feet  deep.  In  soil  which  can 
be  dug  to  2  feet  deep  only,  the  parapet  would  have  to  be  8  feet  high 
to  give  10  feet  vertical  cover,  and  its  area  for  the  same  horizontal 
cover  would  be  95  square  feet,  which  would  require  excavating  2 
feet  deep  and  47i  feet  wide.  The  quantity  of  earth  to  be  handled 
Is  greater  by  more  than  half  and  it  must  be  carried,  on  an  average, 
more  than  twice  the  distance. 

Other  special  profiles  are  shown  In  figures  1,  18,  and  19. 

14.  Trench  terminology. A.n  Intrenched  aone  consists  of  an 

entire  system  of  trenches  and  their  auxiliaries,  composed  of  wire  en- 
tanglements and  other  obstacles,  listening  posts,  lookouts,  machine- 
gun  emplacements,  fire  trenches,  communicating  trenches,  trenches  for 
reserves  and  supports,  command  posts,  cave  shelters,  latrines,  and  the 
like,  occupied  or  susceptible  of  being  occupied  by  a  firing  line  and. by 
its  supports  and  local  reserves. 

Where  several  such  zones  exist,  the  one  in  occupancy  or  tactical 
use  is  called  the  first  or  frontal  zone.  The  zone  next  in  rear  of  the 
first  is  called  the  second  zone,  and  so  on.  For  convenience  it  may 
often  happen  that  second  or  third  zones  are  occupied  by  general  re- 
serves. Just  as  It  may  happen  that  such  reserves  are  utilized  to  con- 
struct  such  retired  zones. 

Firingr  trenches  are  those  designated  primarily  for  delivering  rifle 
fire  against  an  infantry  attack.  Firing  frenches  are  ordinarily  not 
continuous  and  often  not  in  nearly  the  same  line,  especially  in  a  hilly 
country,  where  various  pieces  of  trench  are  on  the  one  hand  in  de- 
fensive relations  with  one  another  and  on  the  other  convenientlv 
located  to  meet  their  own  requirements  as  to  fields  of  fire,  conceal- 
ment, and  ease  of  communication  to  the  rear.  While  it  is  desirable 
to  site  flringr  trenches  so  as  to  secure  ample  fields  of  fire,  never- 
theless other  tactical  considerations  frequently  compel  sacrifices  in 
this  respect.  Firingr  trenches  are  traversed  and  relatively  narrow. 
Th^y  are  provided  in  places  with  overhead  cover  (splinter  proofs), 
head  cover  (loopholes),  and  ammnoltion  recesses. 

Frequently  trenches  designed  primarily  for  other  purposes  (eoT-er 

trenches,    commnntcatlngr    trencheSy    approach    trenches) 

In  places  prepared  for  occupancy  by  a  firing  line,  with  appro- 

""e  banquette,  etc.     Sometimes  approach  trenches  may  be  pre- 
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pared  for  firing  In  both  directions^  These  are  not  flrlnsr  trenches, 
as  their  use  for  firing  is  secondary. 

Cover  trenches  are  from  10  to  100  yards  in  rear  of  tiring 
trenches,  to  protect  men  of  the  firing  line  (except  firing  trench 
guards)  during  all  but  the  infantry  attack. 

It  is  not  advisable  to  occupv  flrinir  trenches  in  force  except 
when  they  are  attacked  by  infantry.  TLne  bulk  of  the  firine  line 
should  therefore  be  close  at  hand  under  cover,  and  to  a  certain-  ex- 
tent the  trenches  which  afford  this  cover  facilitate  lateral  communi- 
cation. They  are  often  not  continuous,  and  there  obtains  with  them 
also  the  tactical  requirement  of  dispersal.  CoTer  trenches  are 
amply  provided  with  cave  shelters,  bombproofs,  and  the  like,  and  in 

E laces  with  firing  banquettes,  overhead  cover,  and  loopholes,  or 
ead  cover.  From  the  cover  trenches*  approach  trenches  proceed 
forward  at  frequent  intervals  to  the  comn&nnlcatingr  trenches  or 
flrlnir  trenches.  Usually  at  less  frequent  intervals  are  approach 
trenches  entering  the  cover  trenches  from  the  rear. 

Conunonlcatlns:  trenches  are  deep  trenches  used  to  afford  proper 
lateral  communication.  They  are  frequently  of  short  lengths,  in 
front  or  in  rear  of  the  general  line  of  the  cover  trenchest  and 
generally  opposite  intervals  between  such  trenches.  Portions  of  the 
communlcatlns  trenches  are  prepared  for  fire,  and  local  supports 
may  be  sheltered  in  portions  of  them.  Contn&unl  eating  trenches 
ana  cover  trenches  are  connected  by  approach  trenchest  and 
where  comin&unlcatlns  trenches  are  in  advance  of  cover  trenches 
they  are  connected  with  the  fire  trenches  by  approach  trenches 
relatively  close  together. 

Approach  trenches  are  those  enabling  one  to  pass  within  the 
intrenched  sone  from  front  to  rear  or.  vice  versa  between  flrlnsr 
trenchesy  cover  trenches,  communlcatlniir  trenches,  and 
other  parts  of  the  trench  system  farther  in  rear. 

Portions  of  approach  trenches  are  prepared  for  firing,  some- 
times in  both  directions.  Approach  trenches  are  deep,  compara- 
tively wide,  and  winding,  traversed,  or  zigzagged. 

Iiocal  trenches  extend  to  observation  stations,  command  posts, 
latrines,  machine-gun  emplacements,  and  the  like  from  ttringp  com- 
mnnlcatinflT,  cover,  or  other  trenches. 

Support  trenches  are  trenches  designed  to  shelter  all  of  the  troops 
who  form  the  local  supports  of  the  firing  line  during  hostile  artillery 
fire,  and  a  portion  of  them  during  the  period  of  the  infantry  attack,  if 
all  are  not  then  required  farther  forward. 

They  are  ordinarily  similar  In  type  of  construction  to  cover 
trenches,  but  are  located  farther  to  the  rear. 

Toward  the  front  they  merge  into  the  cover  trenches.  Toward 
the  rear  they  may  be  as  remote  from  the  flrlngr  trenches  as  200 
or  275  yards.  Approach  trenches  provide  communication  from 
them  to  front  and  rear. 

Support  trenches  are  sometimes  provided  with  firing  banquettes 
and  the  like,  and  machine-gun  emplacements  may  be  located  among 
them.  Often  the  ground  is  such  as  to  permit  the  supports  to  occupv 
naturally  sheltered  positions,  where  support  trenches  may  be  much 
modified  or  omitted  in  places  altogether. 

Reser\'e  trenches  are  trenches  designed  to  shelter  the  local  re- 
serves. They  are  in  rear  of  the  support  trenches,  but  often  merge 
into  them  toward  the  front.  While  the  flrlnfc  trenches  hold,  reserve 
trenches  are  not  ordinarily  subjected  to  prolonged  and  severe  artil- 
lery fire. 

Figure  1  shows  typical  sections  such  as  can  be  excavated  in  good 
soil  when  time  is  available.  In  actual  practice  they  will  be  rougher 
and  more  irregular,  with  slopes  depending  on  the  consistency  of  the 
soil  and  the  time  at  the  disposal  of  the  troops,  but  an  effort  should 
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always  be  made  to  follow  the  prescribed  lines  of  excavation  as  a 
rately  as  poBslble.  Smooth  and  even  slopes  and  crests  of  yli 
rately  as  possible. 

It  is  both  an  advantage  and  a  standing  rule  that,  if  done  by  ] 
tary  labor,  riflemen  should  themselves  construct  the  trenches  i 
are  to  hold. 

15.  Every  firias  trench  should  fulfill  the  following  essential 
ditions : 


(a)  The  parapet  must  be  bullet  proof i 


Every  man  must  be  able  to  flre  ov^  the  parapet  with  pr 
eifect ;  that  is,  so  he  can  hit  the  bottom  of  his  own  wire  entanglen 


(o)  Traverses  must  be  adequate. 
id) 


d)'  A  parados  must  be  provided  to  give  protection   against 
back  blast  of  high  explosive  shell. 

(e)  'The  trace  of  the  trench  should  be  Irregular,  to  provide  flani 
flre. 

(/)  And  if  the  trench  fs  to  be  held  for  any  length  of  time,  the  e 
must  be  revetted  and  the  bottom  of  the  trench  must  be  floored 
drained. 

The  narrower  the  trench,  the  better  the  cover ;  but  If  too  narro 
may  hamper  the  movement  of  troops  too  much.  Therefore  a  fl 
trench  is  usually  made  broad  enough  to  allow  of  movement  be! 
the  line  of  men  manning  the  parapet.  Every  man  must  be  able  to 
his  rifle  over  the  parapet,  and  the  men  moving  behind  must  not  ha^ 
stoop  down  low  in  order  to  get  their  heads  under  cover. 

The  resulting  section  is,  therefore,  with  a  banquette  or  firing  ste] 
inches  wide  and  4  feet  6  inches  (or  5  feet,  if  we  ajlow  for  a  small  n< 
or  hollow  to  hold  the  rifle)  below  the  crest  of  the  parapet,  and  be! 
this  a  deeper  portion  from  18  to  30  inches  wide  at  the  bottom 
from  6  to  7  feet  below  the  crest  line  of  the  parapet.  The  firing 
must  have  a  level  surface  to  give  a  firm  foothold.  It  may  consls 
an  earth  step  revetted  with  planks  held  in  place  bv  stakes. 

The  best  type  appears  to  be  a  trench  with  a  firing  banquette 
five  or  six  rifles  m  each  bay,  between  two  traverses,   each  6 
thick,  and  with  the  back  part  of  the  excavation  formed  into  a  c 
municating  trench  for  observation  and  manning  of  parapets.     '} 
trench  is  somewhat  deeper  and  3  feet  wide. 

Another  type  of  firing  trench  has  a  minimum  width  of  28  inc 
in  order  to  afford  the  flrer  better  protection  ;  15  to  20  yards  in  i 
there  is  a  second  trench  which  permits  communication  and  conti 
the  shelters.  The  essential  point  in  training  is  that  one  of  tl 
types  should  be  adopted  as  the  normal  type  suited  to  the  local  < 
ditions,  and  the  troops  should  be  thoroughly  trained  In  its  * 
struction. 

16.  Comnivnleafins  and  approaeli  trenches. — ^Types  are  ] 
becoming  fixed,  and  in  France  the  following  seeni  to  be  the  norn 
Communicating  and  approach  trenches  well  to  the  rear  are  6  feet  w 
those  farther  forward  S  feet  wide,  and  both  types  6  feet  8  inches  d 
A  eommvmicating  trench  less  than  3  feet  wide  at  the  bottom  is  sur 
become  Jammed.  This  is  the  minimum  to  be  allowed,  and  the  ^\ 
should  be  commenced  with  a  width  of  not  less  than  3  feet  8  incbei 
the  top,  so  as  to  get  8  feet  at  the  bottom,  according  to  the  stiffi 
of  the  soil. 

Berms  of  1  foot  on  each  side  of  a  sap  or  trench  where  earth  is  p 
up  are  considered  indispensable.     They  prevent  sliding  of  earth 
furnish  a  little  shelf  on  which  to  place  tools,  bags,  guns,  and  o1 
articles,  in  case  troops  want  to  pass  the  occupants ;  the  double  b 
also  makes  it  possible  for  infantry  to  leap  out  of  a  trench  wbon 
emergency  requires. 

17.  Earthworks  built  entirely  or  largely  above  grround  are  v 
only  when  wet.  Ill-drained,  or  locky  ground  compels.  They  aff 
good  cover,  and  if  the  parapets  are  about  10  feet  thick  at  the  top,  v 
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gentle  front  slope,  and  have  had  time  to  consolidate  and  dry  out,  they 
are  said  not  to  suffer  much  more  from  heavy  artillery  bombardment 
removed  when  the  loophole  is  in  use. 
than  do  the  usual  types  of  trenches  with  low  parapets. 

They  are,  however,  very  conspicuous,  especially  when  new,  and 
require  great  time  and  labor  to  build.  They  are  much  more  comfort- 
able for  the  troops  sheltered  behind  them.  The  ditch  excavation  in 
front  may  be  used  as  an  obstacle  and  filled  with  wire.  There  should 
be  at  least  a  2-foot  berm  at  the  foot  of  the  exterior  slope,  so  that  this 
is  not  likely  to  fall  into  the  ditch.  Parapets  of  sandbags  exclusively 
are  much  more  vulnerable  than  those  of  earth  and  are  of  exi>ensive 
material ;  they  should  be  avoided  except  for  minor  works,  such  as 
blocking  a  trench  toward  the  enemy,  barricading  a  road,  and  the 
like.  They  may  be  used  in  emergency  in  the  first  zone  if  haste  or 
silence  is  of  paramount  importance. 

18.  Head  cover  is  the  term  applied  to  any  horizontal  cover  which 
may  be  provided  above  the  plane  of  fire.  It  is  obtained  by  notching 
or  loopholing  the  top  of  tne  parapet  so  that  the  bottoms  of  the 
notches  or  loopholes  are  in  the  desired  plane  of  fire.  The  extra 
height  of  parapet  may  be  12  to  18  Inches  and  the  loopholes  may  be 
3  to  3i  feet  center  to  center. 

Head  cover  is  of  limited  utility.  It  increases  the  visibility  of  the 
parapet  and  restricts  the  field  of  fire.  At  close  range  the  loopholes 
serve  as  aiming  points  to  steady  the  enemy's  fire  and  may  do  more 
harm  than  good  at  longer  ranges.  This  is  especially  the  case  if  the 
enemy  can  see  any  light  through  the  loophole.  He  waits  for  the 
light  to  be  obscured,  when  he  fires,  knowing  there  is  a  man's  head 
behind  the  loophole.  A  -background  musf  be  provided  or  a  removable 
screen  arranged  so  that  there  will  be  no  difference  in  the  appearance 
of  the  loophole  whether  a  man  is  looking  through  it  or  not.  Head 
cover  is  advantageous  only  when  the  conditions  of  the  foreground 
are  such  that  the  enemy  can  not  get  close  up. 

Notches  and  loopholes  (figs.  20-22)  are  alike  in  all  respects 
except  that  the  latter  have  a  roof  or  top  and  the  former  have  not. 
The  Dottom,  also  called  floor  or  sole^  is  a  part  of  the  original  superior 
slope.  The  sides,  sometimes  called  eheelu*  are  vertical  or  nearly  so. 
The  plan  depends  upon  local  conditions.  There  is  always  a  narrov7 
part,  called  the  throaty  which  is  Just  large  enough  to  take  the  rifle 
and  permit  sighting.  From  the  throat  the  sides  diverge  at  an  angle, 
called  the  ■play*  which  depends  upon  the  field  of  fire  necessary. 

The  position  of  the  throat  may  vary.  If  on  the  outside,  it  is  less 
conspicuous  but  more  easily  obstructed  by  injury  to  the  parapet  and 
more  difficult  to  use,  since  in  changing  aim  laterally  the  man  must 
move  around  a  pivot  in  the  plane  of  the  throat.  If  the  material  of 
which  the  loophole  is  constructed  presents  hard  surfaces,  the  throat 
should  be  outside,  notwithstanding  the  disadvantages  of  that  posi- 
tion, or  else  the  sides  must  be  stepped  as  in  figure  22.  In  some  cases 
it  may  be  best  to  adopt  a  compromise  position  and  put  the  throat 
in  the  middle  (fig.  22).  Figures  23  to  26  show  details  and  dimensions 
of  a  loophole  of  sandbags. 

A  serviceable  form  of  loophole  consists  of  a  pyramidal  box  of  plank 
with  a  steel  plate  spiked  across  the  small'  end  and  pierced  for  fire. 
Figure  27  shows  a  section  of  such  a  construction,  it  is  commonly 
known  as  the  hopper  loonhole.  The  plate  should  be  fl  inch  thick  if 
of  special  steel,  or  I  incn  if  ordinary  metaL  Figure  28  shows  the 
opening  used  by  the  Japanese  in  Manchuria  and  figure  20  that  used 
by  the  Russians. 

The  construction  of  a  notch  requires  only  the  introduction  of  some 
available  rigid  material  to  form  the  sides;  by  adding  a  cover  the 
notch  becomes  a  loophole.  Various  methods  of  supporting  earth  will 
be  described  under  ^*  Revetments."  Where  the  fire  involves  a  wide 
lateral  and  small  vertical  angle,  loopholes  may  take  the  form  of  a 
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long  slit.  Such  a  form  will  result  from  laying  logs  or  fascines  length- 
wise on  the  parapet,  supported  at  intervals  by  sods  or  other  material 
(fig.  31),  or  small  poles  covered  with  earth  may  be  used  (fig.  30). 

When  overhead  cover  is  used,  loopholes  are  necessary.  They  may 
be  collective  or  individual,  constructed  of  sandbags,  wood,  steel, 
hurdles,  or  other  material.  They  should  be  concealed  by  using 
grass,  brush,  canvas,  or  empty  sandbags.  The  sky  as  a  background 
should  be  avoided  by  raising  the  parados  or  placing  a  canvas  curtain 
behind  them  and  closing  the  opening  with  a  metal  cover  which  can  be 
removed  when  the  loophole  is  in  use. 

In  addition  to  their  visibility,  loopholes  have  the  disadvantage  that 
they  cause  a  pause  in  the  fire  of  the  defender  when  the  attack 
reaches  the  most  deadly  zone  of  fire,  because  the  defenders  have  to 
withdraw  their  rifles  to  prepare  for  bayonet  fighting.  It  is  therefore 
necessary  to  arrange  for  fire  over  the  parapet.  For  this  purpose 
banquettes  can  be  constructed  of  sod,  stones,  logs,  or  scaffolding  be- 
tween the  loopholes.  In  all  firing  trenches,  however,  a  few  loopholes 
are  desirable  for  the  use  of  snipers,  and  there  may  be  one  or  two 
between  each  two  traverses.     All  night  firing  is  over  the  parapet. 

In  some  sectors  the  loopholes  should  have  their  axes  inclined  to 
the  normal  to  secure  flanking  fire.  Every  loophole  intended  for  ob- 
servation should  be  placed  obliquely  in  the  parapet  in  order  to  be 
protected  against  shots  from  the  front.  The  bottom  of  a  loophole 
must  be  in  the  plane  of  fire  that  sweeps  the  ground  in  front. 

19.  Overhead  cover. —  (See  figs.  1  and  32  to  37.) 

The  thicknesM  of  overhead  cover  depends  upon  the  class  of 
fire  agaiist  which  protection  is  desired,  and  is  sometimes  limited  by 
the  vertical  space  available,  since  it  must  afford  headroom  beneath, 
and  generally  should  not  project  above  the  nearest  natural  or  arti- 
ficial horizontal  cover.  For  splinter  proofs  a  layer  of  earth  6  to 
8  inches  thick  on  a  support  of  brush  or  poles  strong  enough  to  hold  it 
up  will  suflSce  if  the  structure  is  horizontal.  If  the  front  is  higher 
than  the  rear,  less  thickness  is  necessary;  if  the  rear  is  higher  than 
the  front*  more  is  required.  For  bombproofs  a  minimum  thickness 
of  6  inches  of  timber  and  3  feet  of  earth  Is  necessary  against  light 
field  guns,  or  12  inches  timber  and  6  feet  of  earth  against  the 
light  howitzers.  Against  6-inch  howitzers  a  thickness  of  12  feet  of 
earth  is  required. 

In  determining  the  area  of  overhead  cover  to  be  provided, 
allow  6  square  feet  per  man  for  occupancy  while  on  duty  only,  or  12 
square  feet  per  man  for  continuous  occupancy  not  of  long  duration. 
For  long  occupation  18  to  20  square  feet  per  man  should  be  provided. 

The  importance  of  overhead  cover  is  more  generally  vecoar- 
lalsed  than  formerly.  In  actual  trench  construction  it  is  not  so 
dlfllcult  as  it  would  appear.  The  llgrhtest  possible  cover  is  better 
than  none.  Among  the  first  thoaarhts  of  an  officer  who  becomes 
responsible  for  intrenching  a  line  of  troops  should  be  the  kind  and 
aaantlty  of  material  for  overhead  cover  which  is  in  reach  and 
how  it  can  best  be  utilized. 

Shelters  in  the  front  wall  of  the  firing  trench  under  the  parapet 
made  by  undercutting  are  objectionable.  Even  if  carefully  shored  up, 
they  weaken  the  resistance  to  the  burst  of  a  bigh-explosive  shell.  A 
certain  amount  of  splinter-proof  cover  should  be  provided  In  the 
front  line,  and  it  will  also  serve  as  protection  against  the  weather. 
The  best  place  for  it  is  in  the  walls  or  the  cover  trench.  It  may  also 
be  placed  behind  the  parados. 

20.  Bombproof  shelters  safe  against  heavy  high-explosive  shell 
have  to  be  dug  very  deep  and  entered  by  a  narrow  opening  and 
steps.  This  means  delay  for  the  men  in  getting  out  of  the  bomb- 
proof, and  every  moment  is  Important  in  a  well-planned  attack,  as 
the  enemy  will  make  a  sudden  assault  almost  at  the  moment  the 
artillery  lifts  its  range.  Deep,  cover  shelters  are  therefore  inadmis- 
sible in  the  front  line  except  for  the  protection  of  machine  guns  (for 
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which  special  lifts  may  be  provided)  and  their  detachments  and  for 
companv  command  posts.  They  are  also  dangerous  In  an  attack  by 
gas.  They  are  generally  confined  to  the  position  of  the  battalion 
reserves  and  to  the  strong  points  that  may  form  a  part  of  tne  front 
system.  They  may  be  used  elsewhere,  however,  if  the  soil  and 
natural  features  are  favorable  to  their  construction  and  arrange- 
ments can  be  made  to  get  the  men  out  of  them  quickly. 

The  entrances  must  be  covered  to  keep  out  splinters.  Tbey  are 
therefore  maslced,  either  bv  a  turn  in  the  approach  trench  or  by  a 
traverse  or  splinter  proof  of  gabions  or  sandbags.  Each  shelter 
should  be  provided  with  two  entrances,  of  which  one  may  consist  of 
a  simple  exit  without  head  cover,  with  a  little  stairway  to  be  used  in 
case  tne  main  entrance  is  obstructed. 

The  shelters,  which  are  generally  large  enough  for  25  men  at 
most,  should  be  constructed  so  that  they  will  contain  the  men  not 
on  guard,  half  of  them  seated  and  half  of  them  lying  down. 

The  roof  may  be  built  as  follows : 

First  a  layer  of  poles  6  to  8  inches  thick,  then  a  layer  of  earth 
8  to  12  inches  thick,  a  second  layer  of  poles  at  right  angles  to  tne 
first,  then  a  second  layer  of  earth  12  inches  thick. 

The  water-tightness  of  the  roof  is  secured  by  sheets  of  corru- 
gated iron  on  the  top  layer  of  poles  or  by  tar  paper  placed  on  the 
surface  of  the  earth,  in  which  case  the  grronnd  should  be  well 
tamped.  It  is  well  to  place  brush  or  straw  t>etween  the  sheet  Iron 
and  the  earth  above,  also  to  place  branches  on  the  first  layer  of  poles. 

The  rails  or  beams  must  nave  a  good  margin  of  strength  beyond 
that  necessary  to  support  the  load  above  them  so  as  to  stand  the 
shock  of  the  explosion.  It  will  be  seen  that  this  roof  is  fully  6  feet 
thick.  Hence  the  shelter  will  require  to  be  at  least  10  feet  deep  if  Its 
position  is  not  to  be  too  conspicuous. 

21.  The  following  is  a  description  of  a  type  of  dugout  constmc- 
tlon.  The  construction  of  the  dugouts  has  been  carefully  studied 
and  designed  to  withstand  shell  fire :  There  is  first  a  lower  roof 
made  of  curved  corrugated  iron  covered  with  two  or  three  layers 
of  sandbags,  and  above  this  is  an  air  space  of  not  less  than  18 
inches,  over  which  is  placed  steel  6-lnch  I  beams;  then  another  air 
space  and  layer  of  curved  corrugated  iron,  upon  which  are  sand- 
bags, steel  6-lnch  I  beams,  and  earth ;  and  on  top  of  all  a  detonat- 
ing surface  made  of  broken  brick  or  stone,  the  Idea  being  to  have 
the  shells  detonate  on  top  of  upper  roof  at  the  surface  of  the  ground, 
and  not  penetrate  through  air  space  into  lower  roof  before  enlodlng. 

22.  The  extended  use  and  eirectiveness  of  artillery  fire  demands 
an  increase  in  the  number  and  strength  of  shelters  provided  for  the 
men.  The  light  splinter  proofs  are  replaced  by  shelters  with  strong 
roofs.  This  Is  possible  because  the  great  depth  of  the  trenches  fur- 
nishes earth  for  a  thicker  roof,  which  is  further  strengthened  by 
layers  of  resisting  materials  such  as  steel  rails  or  beams,  timbers, 
plate  iron,  concrete,  or  brick. 

The  shelters  under  the  parapet  are  frequently  divided  into  two 
stories  by  an  intermediate  floor  or  platform,  leaving  in  each  story 
only  sumclent  head  room  to  accommodate  men  lying  down.  This 
arrangement  enables  a  larger  numoer  of  men  to  be  placed  in  rela- 
tively stronger  shelters. 

Underground  or  cave  shelters  (fig.  1)  have  become  deeper  and 
now  are  made  with  25  to  85  feet  of  solid  earth  as  cover  with  never 
less  than  two  ^entrances,  which  are  curved  or  broken  to  keep  out 
splinters.  Communicating  trenches  and  approaches  between  firing 
and  cover  trenches  are  generally  blinded  throughout  their  whole 
length. 

28.  Every  deep  cave  shelter  must  have  t'wo  or  more  separate 
exits  to  facilitate  rapid  egress  and  to  prevent  a  blockade  by  the 
destruction  of  one  exit. 
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Roof  timbers  must  always  have  three  or  four  times  tbe  strength 
necessary  to  support  merely  the  load  due  to  the  thickness  of  the 
roof.  Tnis  allows  for  the  shock  of  the  shell  as  well  as  for  the  con- 
tingency that  a  new  garrison  may  pile  2  or  8  feet  more  of  earth  on. 
top  of  the  existing  roof. 

A  rectangular  timber  will  support  more  weight  if  set  on  its  edge- 
than  if  set  flat. 

The  ends  of  timbers  should  never  be  supported  on  sandbag  waller- 
or  even  direct  on  solid  ground.  A  strong  timber  frame  should  always 
be  used  on  two  opposite  sides  of  the  shelter  to  support  the  ends  of 
roof  timbers. 

24.  A  "  burster  **  layer  of  6  to  12  inches  of  brick  or  stone  should 
always  be  provided  near  the  top  surface  of  the  roof.  Over  this- 
burster  layer  should  be  a  layer  of  not  less  than  6  inches  of  earth  to- 
decrease  danger  from  the  scattering  of  the  stone  or  brick  by  the- 
burst  of  the  shell.  As  the  object  of  the  burster  layer  is  to  explode 
the  shell  near  the  surface,  it  will  be  to  a  large  extent  defeated  li  the 
layer  of  earth  above  it  is  made  more  than  12  inches  thick. 

Cave  shelters  must  be  ventilated  and  the  ventilator  may  be  util- 
ized for  a  periscope. 

25.  Spltnter-proof  cover  Is  affbrded  by  a  layer  of  logs  or  beams 
6  inches  or  more  in  depth  covered  over  with  not  less  than  12  inches- 
of  earth.  The  following  forms  a  roof  proof  against  a  6-inch  high- 
explosive  shell :  A  layer  of  rails  or  beams,  18  inches  of  earth,  a  layer 
of  brick,  2^  feet  df  earth,  another  layer  of  brick  6  to  12  inches  thfck^ 
and  over  all  6  inches  of  earth. 

26.  Trace. — In  field  fortification  the  term  trace  usually  desig- 
nates the  horizontal  projection  of  the  interior  crest.  If  the  interior 
crest  were  traversed  (see  Reconnaissance),  and  iJne  traverse  plotted  on 

? taper  or  on  a  map,  the  result  would  be  the  trace.  As  a  general  rule 
he  trace  of  a  *parapet  will  follow  the  lines  of  best  natural  cover  or 
those  which  determine  the  strongest  natural  position.  In  practice  it 
usually  happens  that  the  troops  are  located  with  a  view  to  taking  full 
advantage  of  the  features  of  natural  strength,  and  the  fortifications 
are  thrown  up  where  they  are  to  give  them  additional  protection. 

Tke  interior  crest  should  be  horizontal,  and  hence  the  crest: 
should,  as  a  rule,  follow  a  contour.  Generally  a  broken  line  will  ap- 
proach the  contour  near  enough  and  will  be  easier  to  lay  out  and  con^ 
struct.  If  the  contour  curves  sharply,  the  trace  should  curve  also. 
Angles  must  be  rounded  off  to  make  them  less  conspicuous,  and  at  the 
beginning  and  end  of  a  trench  its  bottom  should  gradually  rise  and 
the  parapet  fall  to  nothing  for  better  concealment. 

The  particular  contour  to  be  chosen  depends  upon  local  conditions. 
Figure  38  is  a  section  or  profile  of  a  ridge  perpendicular  to  the  gen- 
eral direction  of  its  crest.  The  summit  of  the  ridge  T  is  called  the 
topovTapklc  crest.  The  contour  corresponding  to  the  point  M 
Is  the  one  from  which  all  the  ground  in  front  can  be  seen  and  reached 
by  fire  and  is  called  the  mllltarir  crest.  The  sky  line  is  variable 
in  position.  From  tbe  point  G  the  sky  line  is  at  D.  From  B  the 
sky  line  is  at  F. 

In  locating  a  line  of  treneli  it  Is  important — 

(a)  To  avoid  a  sky  line  ; 

(b)  To  occupy  the  military  crest  or  a  line  in  advance  of  it ;  and 

(c)  To  preserve  communication  under  cover  with  the  rear. 

If  the  ridge  Is  steep  and  is  intersected  by  ravines  or  covered  with 
growth  through  which  men  could  move  under  cover,  a  position  near 
the  foot  of  the  slope,  as  O  (fig.  38),  might  be  better,  as  a  plunging  fire, 
besides  'being  more  dlflicult  to  deliver.  Is  not  so  effective  as  a  fire  par' 
allel  to  the  ground.  Such  a  line  would  not  be  the  main  line  of  resist- 
ance and  would  not  as  a  rule  be  reenforced.  A  reserve  line  should  be 
constructed  on  the  military  crest  and  provision  made  for  withdrawing 
the  men  from  the  front  line  under  the  best  cover  possible  when  it  can 
no  longer  be  held. 
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27.  KincUi  of  timce. — Fieldworks  are  classified  by  the  form  of 
their  trace  into  open,  half-cloned,  and  closed  ivorks.     An  open 

^work  is  one  affording  cover  on  the  side  of  the  enemy's  approach  only, 
with  no  preparation  to  resist  flank  or  rear  attack.  It  may  consist  of 
a  line  or  of  lines  disposed  in  a  geometrical  figure.  A  line  of  trench, 
like  a  line  of  men,  depends  upon  adjacent  parts  of  the  line  to  protect 
its  flanks.  Ends  of  a  line  retired,  as  in  figure  39,  give  a  fire  in  front 
of  adjacent  trenches  for  flanking  support. 

Lines  of  strongr  profile  nave  a  dead  space  in  the  ditch  or 
close  in  front  of  the  parapet  which,  if  the  worK  is  to  stand  assault, 
must  be  swept  by  flank  fire.  Adjacent  works  may  be  made  to  bear  on 
this  ground,  or  a  line  may  be  made  self-flanking  by  giving  it  the  trace 
showu  in  figure  40.  The  long  lines  may  be  200  to  ^00  yards  long  or 
even  longer.  The  short  line  should  not  be  less  than  12  yards  long, 
and  their  crests  should  be  held  lower  than  the  rest.  Lines  are  always 
in  the  class  of  open  works. 

The  dead  space  may  be  avoided  by  adopting  a  form  of  profile  called 
the  trianernlar,  shown  in  figure  41.  The  disadvantages  of  this 
profile  are  the  additional  labor  of  construction,  the  diminished  thick- 
ness of  the  upper  part  of  the  parapet,  and  the  comparatively  slight 
obstacle  to  escalade  presented  by  the  flatter  slope.  A  flanking  fire  will 
usually  be  preferred  to  the  triangular  profile. 

28.  A  redan  consists  of  two  lines  called  faces,  ctb  and  oo  (fig. 
42),  which  make  an  angle  of  about  60**.  This  angle  Is  called  the 
salient  I  Its  bisecting  line  ad  the  capital,  and  the  line  be  the 
irorHTe.  The  redan  is  mainly  used  to  secure  a  flanking  fire  along 
a  line  of  parapet  or  a  cross  fire  on  important  ground. 

The  exterior  angle  at  a  between  the  faces  prolonged  is  dead  space 
which  must  be  denied  to  the  enemy  by  obstacles  or  covered  by  fire 
from  adjacent  works,  or  the  angle  may  be  truncated,  as  shown  by  the 
full  line  in  figure  42.  Such  a  disposition  is  a  pan  co^p€.  The  pan 
«oup^,  if  short,  can  deliver  but  a  small  volume  of  fire.  The  trun- 
cation  may  be  made  by  a  broken  reentrant  line,  as  shown  dotted  in 
the  figure.  This  form  is  called  a  priest  cap.  A  redan  is  usually 
oi)cn,  but  may  be  made  a  half-closed  work  by  placing  obstacles  across 
toe  gorge. 

20.  A  lunette  (fig.  43)  consists  of  four  lines,  two  of  them,  ah 
and  ac,  called  faces,  and  the  other  two,  hd  and  ce,  called  flanks. 
The  angles  at  b  and  c  are  called  shoulder  angrles.  The  salient, 
capital,  and  gorge  are  as  in  the  redan.  The  salient  angle  is  at  least 
120°,  which  gives  an  effective  fire  on  every  part  of  the  foreground 
and  a  good  flanking  fire  as  well. 

The  lunette  is  the  simplest  trace  adapted  for  use  in  an  isolated 
work.  It  may  be  open  or  half  closed.  In  a  half-closed  work,  either 
redan  or  lunette,  the  arorse  defense  may  consist  of  obstacles  or 
of  a  low  trench,  or  of  the  two  combinerl.  In  any  case,  a  road  must 
be  left  through  it  for  communication.  This  road  may  be  closed  by  a 
gate  or  removable  barricade  or  may  be  swept  by  fire  from  a  short 
trench  inside  the  gorge. 

A  flrorgre  trench  should  have  a  double  parapet,  the  front  one 
fiervlng  as  a  parados  to  protect  men  in  the  trench  from  shots  coming 
from  the  main  line  and  also  as  a  firing  line  to  command  the  Interior 
of  the  lunette  in  case  the  enemy  gets  in  over  the  front.  The  gorge 
profile  (fig.  44)  is  a  type. 

80.  Redouhtn  are  works  entirely  inclosed  by  defensible  parapets^ 
though  the  term  fort  is  usually  applied  to  such  a  work  when  it  has 
unusual  strength,  either  by  reason  of  its  trace  or  its  armament.  In 
the  former  case  a  word  descriptive  of  the  trace  is  often  added,  as 
•tar  fort  (fig.  45),  hantioned  fort  (fig.  46). 

The  inclosed  form  and  the  restricted  and  usually  crowded  interior 
•pace  make  redoubts  excellent  targets  for  artillery,  and  they  can  not 
be  used  in  situations  exposeil  to  such  fire  unless  they  can  be  so  ar- 
rnnge<l  that  they  can  not  be  recognized  as  redoubts  from  the  enemy's 
artillery   positions.     A    favorable   site   is   one  which    commands  the 
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ground  aroimd  It  to  effective  rifle  range  and  Is  not  visible  from  artil- 
lery ranges. 

In  preparing  a  defensive  position,  if  sites  meeting  the  foresoing 
conditions  can  be  found  on  which  redoubts  can  be  built  to  flank  the 
adjacent  trenches,  they  should  by  all  means  be  built.     Redoubts   in 

food  position  in  rear  of  a  line  form  valuable  supporting  points. 
'hey  also  find  important  application  for  isolated  posts  on  lines 
of  communication  or  in  other  territory  when  the  enemy  can  not 
operate  in  considerable  force,  and  will  probably  not  have  artillery. 
Here  Invisibility  is  less  necessary,  the  first  requisite  being  security 
for  the  garrison.  There  must,  however,  be  no  higher  ground  within 
short  range,  and  hence.  In  rolling  country,  such  works  will  usually 
be  placed  on  hills  or  ridges.  As  they  are  usually  to  be  occupied  for 
some  time,  care  must  be  taken  that  a  supply  of  ^water  is  available 
and  proper  disposition  of  refuse  provided  for. 

31.  Tlie  traee  of  a  redoubt  will  depend  upon  the  size  of  the 
garrison  to  be  accommodated,  the  configuration  of  the  ground,  and 
the  probable  direction  of  attack. 

The  simplest  redoubt  is  an  infantry  trench  Inclosing  the  area 
selected,  with  communicating  trenches  Joining  the  front  nice  which 
corresponds  to  the  firing  trench  and  the  rear  face  or  gorge  which  cor- 
responds to  the  cover  trench.  All  the  instructions  for  siting  in 
paragraph  20  apply  except  that  it  is  not  worth  while  to  make  any 
sacrifices  to  secure  straight  lines,  and  a  profile  giving  surplus 
eartb  should  be  used,  which  surplus  should  be  thrown  to  the  rear  to 
obtain  some  eover  against  reverse  flrei  this  especially  at  the 
returns  for  dressing  stations,  etc.,  as  in  case  of  an  attack  from  the 
rear  the  functions  of  the  various  parts  are  reversed ;  that  is,  the 
cover  trench  becomes  the  firing  trench,  the  firing  trench  the  cover 
trench,  etc. 

Tlie  ararrison  should  always  consist  of  one  or  more  unita  of 
command.  No  work  should  be  designed  for  less  than  a  company. 
If  a  larger  force  than  one  company  is  needed,  then  two  companies, 
and  so  on.  It  is  quite  usual  to  indicate  the  size  of  a  redoubt  by 
its  garrison,  as  a  one,  two,  or  four  company  redoubt.  The  garrison 
assumed,  the  work  should  be  large  enough  to  give  a  yard  of  parapet 
for  not  more  than  two  men.  The  length  of  parapet  is  determined 
first,  as  the  siting  of  a  small  work  may  differ  from  that  of  a  larger 
one  on  the  same  ground. 

Tl&e  adaptation  to  tl&e  arround  consists  mainly  In  the  deter- 
mination of  a  closed  .contour  having  the  desired  .length.  Such  a  eon- 
tour,  generalized  by  taking  out  small  kinks,  will  usually  be  the  best 
location  for  the  parapet. 

Men  5  to  10  yards  apart  may  stand  on  the  contour  and  hold  a  trac- 
ing tape  at  the  height  of  the  interior  crest.  Bv  looking  over  the  tape 
all  along,  it  will  be  seen  whether  each  part  of  the  parapet  will  com- 
mand the  ground  in  front  of  it.  If  not,  the  crest  must  be  advanced  or 
raised  at  that  point  until  it  does.  If  the  command  is  greater  than 
necessary,  the  crest  may  be  lowered  or  retired.  Note  also  whether  the 
longest  faces  are  on  the  sides  of  easiest  approach.  If  not,  the  trace 
must  be  modified  to  produce  that  result.  If  possible,  the  tape  should 
be  viewed  from  a  short  distance  all  around  the  outside,  and  if  it 
makes  any  sharp  angles  on  the  sky  line,  they  should  be  softened. 

As  to  details  of  trace,  straight  lines  are  to  be  preferred  to 
curves  as  being  easier  to  lay  out  and  construct  and  giving  a  better 

guide  to  direction  of  fire.  If  curves  must  be  introduced,  they  should 
ave  at  least  20  yards  radius..  All  faces  should  be  long  enough  to 
give  effective  volume  of  fire.  Ten  yards  will  usually  be  a  minimum. 
A  quadrilateral  with  truncated  comers  is  a  good  type.  If  two  adja- 
cent faces  Intersect  at  an  angle  of  30"  or  less,  truncation  is  not  nec- 
essary. The  longest  face  should  bear  on  the  ground  from  which  the 
strongest  attack  is  to  be  expected  and  the  entrance  will  usually  be  on 
the  opposite  side,  though  if  attack  from  any  direction  ia  especially 
^t.  the  entrance  should  be  on  that  face. 
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32.  Profile. — So  far  as  regards  the  effectiveness  of  Its  fire,  the  com- 
mand  of  a  redoubt  need  not  be  greater  than  that  of  a  trench  on  the 
same  ground.  A  high  command  will  better  screen  the  interior  space 
and  offer  greater  resistance  to  assault,  but  will  Increase  the  visibility 
of  the  work  and  the  labor  of  building  It.  The  horizontal  cover  need 
not,  as  a  rule,  be  as  thick  as  the  adjacent  trenches,  as  the  latter  will 
certaiulv  be  exposed  to  deliberate  artillery  fire  and  the  redoubt,  as  a 
rule,  will  have  to  resist  unalmed  and  scattering  artillery  fire  only. 
A  necessary  feature  is  a  trench  deep  and  wide,  enough  to  give  com- 
plete shelter  and  free  communication. 

38.  Interior  arrangrenients. — The  most  important  thing  is  the 
protection  of  the  garrison  from  flank  and  reverse  Are.  When  invisi- 
bility Is  not  essential,  a  command  of  6  or  7  feet  is  the  easiest  method 
Of  giving  interior  protection.  Extensive  overhead  cover  will  be  neces- 
sary. It  need  not  ordinarily  be  heavy.  Six  inches  of  earth  on  brush- 
wood stiff  enough  to  support  it  will  usually  suffice.  When  long-range 
fire  may  be  expected  from  the  front  only,  the  overhead  cover  will  be 
developed  along  the  front  edge  of  the  trench  of  the  front  face,  in  exca- 
vations perpendicular  to  the  trench  on  the  flanks,  and  along  the  edge 
of  the  trench  opposite  the  parapet  in  the  gorge. 

Figures  47  and  48  show  an  infantry  redoubt  recently  built  at  Fort 
Riley,  Kans.,  for  test  purposes.  It  embodies  some  of  the  latest  ap- 
proved features  of  sucn  works. 

There  is  a  tendency  to  limit  the  use  of  redoubts  to  the  strengthen- 
ing of  key  points.  In  other  situations  their  depth  must  be  restricted 
as  much  as  possible,  so  that'  the  redoubt  resembles  a  trench  of  un- 
usual strength.    Overhead  cover  will  always  be  an  important  feature. 

For  a  possible  all-round  long-range  flre,  short  galleries  should  be 
run  out  to  the  rear  of  all  trenches.  This  development  of  covered 
trenches  may  continue,  if  necessary,  until  the  entire  Interior  of  the 
redoubt  is  converted  into  an  underground  camp.  The  parapet  trenches 
and  the  shelters  in  them  must  be  well  traversed,  the  former  by  blocks 
of  earth  with  oblique  or  crooked  passages  cut  through  them,  and  the- 
latte  •  by  splinter-proof  partitions  of  brush  and  earth. 

Figure  44  shows  a  typical  plan,  with  sections,  of  a  redoubt  on  level 
ground,  where  a  command  of  7  feet  is  permissible. 

34.  Modern  develoiiments. — Rather  than  revolutionizing  the 
art  of  battle-fleld  fortification,  the  experience  on  the  west  front  in 
Europe  shows  that  deliberate  permanent  fortifications  with  their 
cupolas,  concrete  parapets,  magazines,  and  prepared  gun  emplace- 
ments have  given  way  to  line  upon  line  of  intrenchments  and  earth- 
work inconspicuous  as  possible,  manned  by  an  ample  number  of 
mobile  troops  thoroughly  trained  in  trench  warfare,  with  artillery 
of  all  calibers,  but  mobile  and  easily  concealed.  The  extent  and  the 
strength  of  the  positions  that  have  been  prepared  in  northern  France 
entail  an  attack  upon  them  which  approximates  to  regular  siege 
operations,  while  the  war,  as  carried  out  along  the  east  front  and  in 
the  Balkans,  approaches  closer  to  field  conditions  that  would  exist  in 
our  country. 

*  Although  the  principles  of  field  fortification  or  field  intrenchment 
have  not  changed,  there  are  many  extensions,  adaptations,  and  new 
applications  of  existing  principles  which  have  been  developed  in  the 
European  war. 

35.  The  developments  to  be  noted  are  due  to  the  following  main 
causes : 

(a)  Improvement  In  artillery;  longer  ranges;  heavier  projectiles; 
hlgh-exploslve  shells;  special  use  of  shell  and  sbrapnel  in  de- 
molishing earthworks  and  cutting  wire  entanglements  ;  vast  number  of 
guns  and  enormous  expenditure  of  ammunition ;  skillful  indirect  fire. 

(b)  Improved  methods  of  observation  and  communication  :  balloons, 
airplanes  ;  photography  from  aircraft ;  telephones,  wireless  telegraphy  ; 
motor  transportation. 

(c)  Continuous  Intrenched  positions  with  unassailable  flanks. 

id)  Long-continued  occupancy  of  field  works  at  all  seasons  of  the 
year. 
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(e)  The  construction  of  Intrenched  posittons  in  localities  of  great 
diversity  as  to  topography,  character  of  soil,  geology,  vegetable 
growth,  and  drainage. 

(/)  The  close  proximity  of  the  opposing  lines  of  trenches. 

(g)  The  use  of  new  devices  and  methods  of  attetck,  such  as 
grenades,  trench  mortars,  poisonous  gases,  inflammable  liquids,  intense 
artillery  bombardment,  barrier  fire,  machine  guns  in  great  numbers, 
and  many  accessories  developed  as  the  result  of  the  continual  reaction 
between  the  attack  and  the  defense. 

The  most  conspicuous  changes  that  have  resulted  in  field  fortifica- 
tion are : 

(a)  Less  extensive  field  of  fire. 

(b)  Greater  importance  and  corresponding  greater  difiQculty  of 
concealment,  involving  use  of  screens,  dummy  trenches,  hidden  em- 
placements, and  covered  approaches. 


(c)  Deeper  and  narrower  trenches. 


Greater  use  of  traverses  and  parados  in  firing  trenches. 
<e)  The  use  of  many  support  and  cover  trenches  generally  parallel 
to  the  firing  trench,  and  not  very  distant  therefrom. 

(f)  More  numerous  communicating  and  approach  trenches,  screened 
and  defiladed,  forming,  with  the  firing,  cover,  support,  intermediate, 
and  reserve  trenches,  a  labyrinth  of  trench  work  known  as  the  **  first 
intrenched  zone." 

(g)  Increased  use  of  cover. 

ih)  Provision  of  shelter  for  men  in  cover,  support,  intermediate, 
and  reserve  trenches,  and  in  deep  underground  bombproofs  or  **  cave 
shelters,*'  safe  against  powerful  artillery  fire;  less  safe  shelters  in 
the  walls  of  the  cover  and  support  trenches  and  sometimes  in  the 
firing  trenches. 

(i)  Extensive  use  of  strong  points  and  supporting  points  in  the 
first  intrenched  zone. 

ih)  Provision  for  the  defense  of  the  communicating  and  approach 
trenches  against  flank  attack  by  hostile  forces  that  may  have  broken 
through  the  front  lines. 

(2)  A  second  intrenched  zone  some  two  or  three  miles  in  rear  of 
the  first  zone,  generallv  on  the  reverse  slope  of  a  crest  or  ridge,  and 
connected  with  the  first-zone  trenches  by  sheltered  approaches,  natural 
or  artificial. 

(m)  Intrenched  zones  still  farther  to  the  rear  for  possible  occu* 
pancv  in  case  of  defeat  or  retirement. 

(n)  Increased  use  of  obstacles,  especially  barbed-wire  entangle- 
ments. 

<o)  Increased  use  of  mines  and  countermines. 

(p)  Accessory  special  measures  to  prevent  surprise  ^nd  to  resist 
special  methods  of  attack. 

(9)  Systematic  measures  to  prevent  confusion  and  going  astray 
of  troops  moving  In  the  maze  of  trenches,  by  day  and  by  night  such 
as  guide  posts,  lights,  maps,  names  of  approaches  and  shelters. 

(r)  Routine  measures  of  maintenance,  convenience,  and  comfort 
due  to  the  long-continued  occupancy-  of  the  trenches,  such  as  revet- 
ment, drainage,  heating,  food  supply,  water  supply,  ammunition 
supply,  and  sanitation. 

36.  6e»eral  «o»«ldeTatlona.^-Tbe  proper  use  of  shelter  trenches 
for  the  protection  of  firing  lines  is  a  matter  of  utmost  importance 
to  success.  It  may  be  accepted  as  a  principle,  establlsheo  by  ex- 
perience, that  a  line  of  men  can  not  remain  stationary  under  fire 
without  cover,  natural  or  artificial.  This  is  true  in  every  phase 
of  action,  whether  advancing,  retreating,  or  standing  on  the  defen- 
sive. Cover  at  all  times  is  desirable ;  on  the  move  it  may  be  dis- 
pensed with,  at  a  halt  never.  In  some  cases  the  cover  will  be  partly 
natural  and  partly  artificial,  1.  e.,  partial  natural  cover  artificially 
improved.  In  a  majority  of  cases,  however,  conditions  of  fire  effi- 
ciency and  concealment  will  require  a  line  to  be  placed  where  it 
could  not  possibly  live  without  artificial  cover.     Another  principle 
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than  any  other.    It  la  self-supporting  and  gives  cover  from  view  and 
partial  cover  from  fire  quicker  than  any  other  form. 

Several  forms  of  gabions  of  other  material  than  brush  have  been 
used.  Sheet  iron  and  iron  and  paper  hoops  are  some  of  them.  The 
iron  splinters  badly,  is  heavy,  and  has  not  Kiven  satisfaction.  If  any 
special  materials  are  supplied  the  method  of  using  them  will,  in 
view  of  the  foregoing  explanation,  be  obvious. 

44.  Sod  re-vetnieiit. — ^A  convenient  size  to  cut  sods  is  18  by  9  by 
4i  inches.  If  tough,  they  may  be  cut  larger,  but  the  length  shouM  be 
twice  the  breadth.  They  are  laid  grass  down  in  courses,  alternately 
all  headers  and  all  stretchers,  the  latter  double,  with  broken  Joints.  A 
bed  should  be  prepared  at  the  proper  inclination  to  receive  the  bottom 
course  and  give  it  the  right  pitch.  The  top  course  is  laid  grass  up 
and  all  headers.  If  the  sods  show  a  tendency  to  slip,  they  may  be 
pinned  together  with  wooden  pickets. 

Sod  revetments  will  not  stand  quite  so  steep  as  sand  bags  in  the  same 
soil.  It  is  usual  to  allow  a  3  to  1  slope  for  sods.  The  revetment 
should  be  built  steeper,  if  the  soil  is  such  that  it  will  stand.  Figure  64 
shows  an  elevation  and  section  of  a  sod  revetment. 

Four  sods,  18  by  9  by  4  inches,  laid,  make  a  square  fbot  of  revet- 
ment, but  as  there  is  some  wastage,  450  or  more  sods  must  be  cut  for 
each  100  square  feet  of  surface  to  be  revetted.  If  the  grass  is  long, 
It  should  be  mowed  before  cutting  sods. 

One  man  should  cut  30  sods  per  hour,  or  place  the  same  number.  A 
sod  plow  will  cut  as  fast  as  50  men. 

If  oarryingr  la  d4>i&e  by  l&andl,  multiply  the  number  of  sods  to 
be  moved  per  hour  by  the  average  length  of  carry  in  yards  and  divide 
the  product  by  7,500  for  the  number  of  carriers.  They  should  work  in 
pairs,  carrying  8  sods  between  them.  If  wagons  are  available,  esti- 
mate as  though  moving  earth  (see  Boads),  taking  72  sods  to  the 
cubic  yanL  Unloaders  will  be  required,  as  the  sods  can  not  be-  dumped, 
say  one  man  for  800  sods  per  hour.  If  ordinary  sodding  is  to  be 
done,  for  concealment  or  to  prevent  rainwash,  use  the  same  ratios 
for  cutting,  hauling,  and  laying,  allowing  8  sods  to  the  square  yard 
laid,  or  9  cut. 

45.  StakndobaflT  revettnenita. — A  sandbag  is  33  inches  long  and 
14  inches  wide.  In  use  it  is  loosely  filled  with  earth  or  sand,  requiring 
about  ft  cubic  foot  of  earth,  and  having  been  placed  in  position  is  flat- 
tened with  a  shovel  to  roughly  rectangular  form,  in  which  it  fills  a 
space  about  20  by  13  by  5  inches.  The  bags  weigh  about  62  pounds 
per  100,  and  when  filled  about  65  pounds  each. 

A  sand-baar  revetment  is  constructed  by  laying  the  filled  bags 
as  stretchers  and  headers,  or  as  headers  alone.  The  top  row  should 
always  be  headers.  The  tied  ends  of  headers  and  the  seams  of 
stretchers  should  be  in  the  parapet.  Sandbags  give  no  splinters,  and 
are  conveniently  used  for  the  entire  parapet  when  necessary.  As  they 
are  more  readily  transported  than  corresponding  quantities  of  any 
other  revetting  material,  they  are  of  great  importence  in  field  fortifi- 
cation. Their  perishability  is  a  disadvantage,  though  in  many  soils 
a  surface  revetted  with  bags  will  stand  after  the  bags  have  lost  their 
strength  through  decay.  Sandbags  are  so  valuable  for  crowning 
and  repairs,  however,  that  the  stock  on  hand  should  not  be  exhausted 
In  original  construction  if  anything  else  can  be  bad. 

Figure  49  Indicates  the  appearance  of  a  sand-bag  revetment  as  seen 
from  the  front  and  from  the  end. 

Sandbas*  are  laid  as  headers,  L  e.,  the  length  of  the  bag  at  right 
angles  to  the  face  of  the  revetment  or  as  stretchers,  1.  e  .,  the  length 
of  the  bag  in  the  plane  of  the  face  et-  the  revetment.  The  revetment 
should  slope  at  an  angle  of  4/1,  and  therefore  the  ground  on  which  the 
bottom  layer  or  course  ia  laid  should  be  at  a  slope  of  1/4.  The  sand* 
bags  must  be  bonded,  1.  e.,  the  bags  of  each  course  must  break  joint 
with  the  bags  of  the  courses  above  and  below.  A  certain  number  of 
headers  must  be  used  to  tie  the  revetment  into  the  bank*  It  Is  us""^ 
to  lay  sandbags  with  one  header  to  every  two  stretchera. 
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Wlkea  fiUlnc  sandbags  the  bottom  corners  mnst  be  well  tucked  In, 
and  it  helps  if  the  mouth  of  the  bagr  is  turned  over  for  about  8  inches. 
The  bag  then  stays  open  more  easily.  Bags  should  be  three<>fourth8 
filled,  and  care  must  be  taken  to  obtain  uniformity  in  this,  for  unless 
t^  bags  are  all  the  same  size  they  will  not  build  up  readily.  A  sand- 
teg  when  filled  should  measure  20  by  10  by  5  inches. 

The  line  of  revetment  must  be  prepared  by  digging  a  notch  with 
tke  bottom  at  a  slope  of  1/4  and  broad  enough  to  take  a  header.  Since 
the  header  is  20  inches  long  the  back  of  the  notch  should  be  5  inches 
helow  the  front.  If  the  face  of  the  revetment  is  kept  at  right  angles 
to  the  bottom  of  this  notch,  the  required  slope  of  4/1  will  be  obtained. 

In  laying  the  bags  the  mouths  of  the  bags  should  be  folded  over 
underneath  the  bags.  The  mouths  of  the  headers  and  the  seams  of  the 
stretchers  should  be  turned  in  toward  the  back,  so  that  if  the  bag 
becomes  untied  or  the  seams  burst  the  earth  will  not  fall  into  the 
trench.  The  bags  should  be  beaten  with  a  spade,  maul,  or  shovel  into 
a  rectangular  shape,  otherwise  the  bags  do  not  get  a  firm  seating. 
The  face  of  the  revetment  should  be  quite  smooth  and  not  lumpy. 
Unless  it  is  certain  that  the  revetment  Is  not  to  be  extended,  the  ends 
sshonld  be  left  irregular  so  that  any  extension  will  be  bonded  to  the 
existing  revetment.  It  is  best  to  finish  off  the  parapet  of  a  firing  trench 
with  a  row  of  headers 

Rate  of  workingr* — A  squad  of  6  men,  2  shovels,  1  pick,  1  bag 
bolder,  and  2  tiers  should,  in  fairly  loose  soil,  fill  150  bags  an  hour. 

Supposing  the  bags  to  be  filled  from  the  ditch  or  trench,  with  10 
additional  men,  6  to  carry  and  4  to  lay,  or  a  squad  of  16  men  all  told. 
150  bags  per  hour  can  be  taken  care  of,  making  75  square  feet  of 
revetment. 

46.  Brnsb  'worlc. — Brush  is  used  in  many  forms  in  revetting 
Any  kind  will- do,  but  the  best  is  willow,  birch,  ash,  hickory,  or  haBeu 
For  weaving  it  must  be  live,  and  is  most  pliable  when  not  in  leaf. 
Split  bamboo  of  pliable  dimensions,  reeds,  or  similar  vegetation  may 
be  considered  as  a  form  of  brush  in  all  revetment  constructions. 

Brasb  for  -vreav-inar  Should  not  be  more  than  an  inch  in  diameter 
at  the  butt.  That  to  be  used  straight  may  be  of  larger  size.  In  cut- 
ting, brush  should  be  assorted  in  sizes  for  the  various  uses  and  made 
up  in  bundles  of  40  to  60  pounds,  the  butts  in  one  direction.  The 
range  of  weights  is  given  to  convey  a  general  idea  of  the  size  of 
bundles.  The  determining  condition  is  that  each  bundle  shall  make  a 
sabion,  which  will  soon  be  determined  after  work  begins.  Poles  of 
21  inches  diameter  at  the  butt  or  larger  are  not  bundled,  but  are 
piled  together.  They  are  used  for  posts,  binders,  grillage,  and  similar 
purposes. 

The  amount  of  labor  required  to  cut  brush  will  vary  with  its 
character,  whether  hard  or  soft,  crooked  or  straight,  thick  or  thin.  A 
rough  average  may  be  taken  at  six  bundles  per  man  per  hour.  The 
men  work  in  pairs,  one  cutting  and  one  sorting,  piling,  and  tying. 

For  carrying:  by  band,  multiply  the  ntimber  of  bundles  oy  the 
carry  in  yards  and  divide  by  2,200  for  the  number  of  men  required.  If 
transportation  is  by  teams,  assume  86  bundles  to  equal  1  yard,  and 
figure  as  for  earth. 

47.  A  fascine  is  a  cylindrical  bundle  of  brush,  closely  bound. 
The  usual  lepgth  is  18  feet  and  the  diameter  9  inches  when  com- 
pressed. Lengths  of  9  and  6  feet,  which  are  sometimes  used,  are  most 
conveniently  obtained  by  sawing  a  standard  fascine  into  two  or  three 
pieces.  The  weight  of  a  ftiscine  of  partially  seasoned  material  will 
average  140  pounds. 

Fascines  are  made  in  a  cradle  which  consists  of  five  trestles.  A 
trestle  is  made  of  two  sticks  about  61  feet  long  and  8  inches  in 
diameter,  driven  into  the  ground  and  lashed  at  the  intersection  as 
shown  in  figure  61.  In  making  a  cradle,  plant  the  end  trestles  16  feet 
apart  and  parallel.  Stretch  a  line  from  one  to  the  other  over  the 
intArRpntton,  place  the  others  4  feet  apart  and  lash  them  so  that  each 
-u  comes  fairly  to  the  line. 
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To  build  a  fascine,  straight  pieces  of  brush,  1  or  2  inches  At 
the  butt,  are  laid  on,  the  butts  projecting  at  the  end  1  foot  beyond  the 
trestle.  Leaves  should  be  stripped  and  unruly  branches  cut  off  or 
partially  cut  through,  so  that  they  will  lie  close.  The  larger  straighter 
brush  should  be  laid  on  the  outside,  butts  alternating  in  direction,  and 
smaller  stuff  In  the  center.  The  general  object  is  to  so  dispose  the 
brush  as  to  make  the  fascine  of  uniform  size,  strength,  and  stlffnes* 
from  end  to  end. 

When  the  cradle  is  nearly  filled  the  fascine  Ig  compressed  or 
clioked  by  the  fascine  cl&oker  (fig.  $2),  which  consists  of  two 
bars  4  feet  long,  Joined  at  18  inches  from  the  ends  by  a  chain  4  feet 
long.  The  chain  is  marked  at  14  inches  each  way  from  the  middle  by 
inserting  a  ring  or  special  link.  To  use,  two  men  standing  on  opposite 
Bides  pass  the  chain  under  the  brush,  place  the  short  ends  of  the 
handles  on  top  and  pass  the  bars,  short  end  first,  across  to  each  other. 
They  then  bear  down  on  the  long  ends  until  the  marks  on  the  chain 
come  together.  Chokers  may  be  improvised  from  sticks  and  rope  or 
wire. 

Bindinar  will  be  done  with  a  double  turn  of  wire  or  tarred  rope. 
It  should  be  done  in  12  places,  18  inches  apart,  the  end  binders  8 
inches  outside  the  end  trestles.  To  bind  a  fascine  will  require  06  feet 
of  wire  (see  Bridges). 

Improvised  binders  may  be  made  from  rods  of  live  brush;  hickory 
or  hazel  is  the  best.  Place  the  butt  under  the  foot  and  twist  the  rod 
to  partially  separate  the  fibers  and  make  it  fiexlble.  A  rod  so  pre- 
pared is  called  a  -vritlie.  To  use  a  withe,  make  a  half  turn  and 
twist  at  the  smaller  end  (fig.  58),  pass  the  withe  around  the  brush 
and  the  large  end  throngn  the  eye.  Draw  tanght  and  double  the 
large  end  bads,  taking  2  half-liltclies  over  its  own  standing  part 
(fig.  54). 

When  the  fascine  is  choked  and  bound,  saw  the  ends  off  square,  9 
inches  outside  the  end  binders.  After  a  cradler  is  made,  4  men  can 
make  1  fascine  per  honr,  with  wire  binding.  Withes  require  1  mao 
more. 

A  fascine  revetnaent  is  made  by  placing  the  fascines  as  shown 
in  figure  55.  The  use  of  headers  and  anchors  Is  absolutely  necesgary 
in  loose  soils  only,  but  they  greatly  strengthen  the  revetments  In  any 
case.  A  fascine  revetment  nawst  alvraya  be  erovrmed  with  sdda 
or  bags. 

48.  In  all  bmsh  weaving  the  following  terma  have  been  adopted 
and  are  convenient  to  use : 

RandiniT' — Weaving  a  single  rod  In  and  out  between  pickets, 

SlevrinflT* — ^Weaving  two  or  more  rods  together  in  the  same  way. 

Pairing. — Carrying  two  rods  togetiier,  crossing  each  other  in  and 
ont  at  each  picket. 

Wattling. — ^A  general  term  applied  to  the  woven  part  of  brush 
construction. 

49.  Bm«livrood  Mnrdlea  are  usually  made  6  feet  long  and  of 
the  required  height.  The  pickets  should  project  18  iscbes  below  the 
brushwood  and  be  sharpened  for  drivii^s  Into  the  ground.  Ther 
should  be  about  3  inches  In  diameter  and  should  be  ^aoed  MomoxU 
mately  2  feet  apart;  that  is,  four  pickets  to  a  hurdle.  Actually  the 
two  outer  pickets  should  be  about  «  inches  from  the  ends  of  the 
hurdle.  The  pickets  are  therefore  1  foot  8  inches  apart.  The  brasb- 
wood  should  be  1  to  1 1  Inches  in  diameter  and  of  ash,  willow^  or  other 
pliable  wood. 

To  construct  the  hurdle,  arive  the  pickets  into  the  ground  flrrolv^ 
and  18  incbeii  from  the  bottom  of  the  pickets  run  two  ttntuln  of  plain 
wire  alon?  tbe  pi^ikets,  taking  a  turn  round  eadi  picket.  Twict  tb*-«e 
wires  toz*'th*nr  until  they  are  qnlte  tight,  then  weave  the  bnnihw^^ 
in  and  out  of  the  pickets,  beginning  at  the  bott^n  and  keeping  it 
pressed  Crtnly  down  on  the  wire.  Each  length  of  brushwood  should 
pajss  altematplr  in  front  of  and  behind  the  pickets,  and  If  s  pl^rce  '/t 
brushwood  is  behind  tl>e  picket  the  piece  next  on  top  should  be  fn 
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then  overlap  9  Incbes  and  tbe  metal  will  overlap  0  Inches  bebind 
them.  Take  good  S^foot  pickets  4  inches  in  diameter  and  drive  them 
cad  a  slope  of  4/1  titfht  against  the  panels,  one  at  each  overlap  and 
one  between  the  overlaps.    Anchor  back  in  the  usual  way. 

la  getting  ronnd  traverses  the  horizontal  poles  must  be  omitted 
and  the  panels  cut  vertically  from  the  top  about  three-fourths  of 
the  way  down.  Qne-hali  is  then  allowed  to  slide  behind  the  other, 
thus  keeping  the  slope  of  4/1. 

53.  Contlniioiis  w^ire  mesH  revetment, — Use  slightly  lighter 

S tickets  2i  inches  to  8  inches  in  diameter.  Gut  the  bank  bade  to 
/I.  At  Intervals  of  2  feet  to  2  feet  6  inches  cut  vertical  grooves 
in  the  bank  big  enough  to  take  a  picket.  Drive  a  picket  with  its 
foot  in  the  bottom  of  each  groove.  Do  not  drive  in  more  than  6 
inches  and  let  the  picket  stand  a  few  inches  clear  of  the  bank. 

Then  at  the  bottom,  halfway  up  and  about  6  inches  below  the 
top  of  each  picket,  run  two  or  three  strands  of  plain  wire  twisted 
up  taut.  The  bottom  strands  should  be  put  on  first,  then  the  middle, 
then  the  top  so  as  to  avoid  loosening  of  the  wires  already  put  on  by 
overtwisting  the  next  ones.  Then  run  diagonals  of  slmilarlv  twisted 
wire  from  the  top  of  each  picket  to  the  bottoms  of  the  pickets  on 
both  sides.  Where  the  diagonals  and  horizontal  wires  cross  In  the 
xniddle  of  the  panels  Join  them  together  with  a  short  piece  of  plain 
-wire.     This  gives  a  framework  to  hold  the  rabbit  wire. 

Bun  the  rabbit  wire  behind  the  framework-^that  is,  between  the 
framework  and  the  bank.  Pull  it  as  tight  as  possible  and  attach 
It  to  the  framework  in  many  places  with  short  length  of  plain 
wire.  Put  on  the  anchor  wires  and  draw  the  poles  up  against  the 
bank.  Then  drive  the  poles  tight  home.  Tignten  up  the  anchor 
wires  so  as  to  draw  the  poles  into  the  grooves.  The  rabbit  wire  is 
then  brought  tight  against  the  bank. 

54.  TravevMeM.'-— The  protected  area  in  rear  of  a  parapet  as  de- 
termined for  a  shot  grazing  and  perpendicular  to  the  crest,  is  reduced 
for  a  grazing  shot  with  the  same  angle  of  fall  coming  at  an  angle  to 
the  crest.  If  a  straight  shot  will  dear  a  man's  head  at  a  certain  dis- 
tance back,  oblique  shots  with  the  same  angle  of  fall  will  elear  a  man 
at  90  per  cent  of  that  distance  for  an  angle  of  26"  with  the  perpen- 
dicular, 85  per  cent  for  32**,  and  80  per  cent  for  37**.  At  37°  the  dis- 
tance is  decreasing  at  the  rate  of  1  per  cent  for  each  degree.  For 
enfilade  and  reverse  fire  the  parapet  ^ves  no  cover  at  all. 

To  secure  sufficient  protection  against  very  oblique,  enfilade,  or  re- 
verse fire  and  to  localize  effect  of  exploded  shell,  masks  must  be 
introduced  to  intercept  such  ediots  before  they  fall  below  the  plane  of 
desired  protection.  Such  masks  are  called  traverse*.  To  those 
which  are  designed  to  intercept  reverse  fire,  and  which  are  mainly 
parallel  to  the  parapet  which  they  shelter,  the  name  paradoM  is 
given.  The  word  traTerse  usually  indicates  a  mask  making  an 
angle  with  the  parapet  which  it  protects  and  Joined  to  it.  Traverses 
may  be  of  any  available  horizontal  or  overhead  cover,  but  are  usu- 
ally topped  with  earth.  They  are  revetted  to  make  them  take  as 
little  spare  along  the  parapet  as  possible,  except  that  between  guns 
there  is  sometimes  room  for  earthen  traverses  with  sloping  sides.  Aa 
the  lower  part  can.  not  be  reached  by  fire,  it  need  only  form  a  sup- 
port for  the  top  and  is  often  a  good  place  to  provide  magazine  or 
shelter  space. 

Dtstaaee  between  traver»e», — The  effective  distance  is  the  in- 
terval between  the  crest  of  one  traverse  and  the  adjacent  ^ce  of  the 
next.  If  the  crests  of  the  traverses  are  at  the  same  elevation  as  the 
crest  of  the  parapet,  a  distance  between  traverses  of  0.43  of  the  width 
of  protected  area,  for  direct  fire,  preserves  90  per  cent  of  that  width ; 
0.52,  85  per  cent,  and  0.6,  80  per  cent. 

If  the  crests  of  the  traverses  are  raised  above  the  crest  of  the 
parapet,  the  distance  between  traverses  may  be  Increased  by  the  ex- 
cess neight  multiplied  by  the  assumed  angle  of  fall,  without  reducing 
the  width  of  the  protected  area  (fig.  65).    Figure  66a  shows  apian  and 
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Conatmetlon. — ^The  simplest  form  consists  of  a  closed  barricade 
of  timl)ers  loopholed  and  reenforced  by  earth  (figs.  70  and  71).  'Vhe 
inner  embankment  forms  a  banquette.  The  outer  one  fills  the  dead 
angle  at  the  foot  of  the  wall  and  is  some  protection  against  artillery 
fire.  It  makes  a  stockade  easier  to  scale,  but  if  the  slope  is  steep 
and  the  tops  of  the  timbers  properly  prepared  by  driving  spikes  or 
stringing  barbed  wire,  the  effect  in  that  direction  is  small. 

A  single  row  of  timbers  affords  too  little  protection  unless  they  are 
squared  or  great  pains  taken  to  keep  close  joints.  A  double  row 
(ng.  73),  or  if  the  logs  are  good  size  and  workable,  an  arrangement 
of  half  timbers  (fig.  74)  gives  the  same  cover  with  much  less  labor. 
Loopholes  may  be  formed  as  indicated.  They  must  be  high  enough  so 
thai  the  enemy  can  not  fire  through  them  when  he  comes  to  close 
quarters.     Six  feet  above  the  ground  is  considered  high  enough. 

A  single  row  of  timbers  may  oe  used  as  the  front  of  two  thin  walls, 
the  space  between  to  be  filled  with  earth  or  broken  stone  (fig.  69), 
or  both  walls  may  be  alike,  and  of  brush,  plank,  fascines,  or  sheet 
iron  (fig.  72).  Earth  filling  should  be  2  feet  thick;  stone  filling  6  to 
16  inches. 

In  all  such  constructions  the  two  walls  must  be  tied  together  at 
frequent  lnter>als  to  resist  the  pressure  of  the  filling.  Wire  is  a 
very  convenient  material  for  such  use.  If  T  rails  are  available,  an 
excellent  stockade  may  be  made  as  shown  in  the  figure  75. 

58.  A  blockliouBe  is  a  room  or  small  baildlng  with  bullet-proof 
walls,  weather-  proof  and  fireproof  roof,  loopholed  for  infantry,  often 
for  machine  guns,  and  sometimes  for  light  quick-firing  guns.  The- 
walls  may  take  any  of  the  forms  describe  for  stockades,  or  mav  be 
of  masonry.  The  roof  will  usually  be  of  tin  or  sheet  iron.  If  ex- 
posed to  plunging  fire,  the  roof  may  take  the  form  of  light  overhead 
cover,  and  to  promote  the  comfort  of  the  garrison  during  long  oc- 
cupancy an  ordinary  roof  may  be  placed  over  the  earth,  or  it  may  b& 
covered  with  canvass,  or  thatched,  or  made  to  turn  water  in  any 

gracticable  manner.  Figures  76  to  79  and  83  show  types  of  blocks 
ouses.  In  figure  79  the  house  provides  2  tiers  of  fire. 
Extensive  use  was  made  gf  blockhouses  by  the  British  in  South 
Africa.  Some,  at  Important  points,  were  of  masonry,  presenting  na 
unusual  features.  By  far  the  greater  number  were  of  double  skins  of 
corrugated  iron,  filled  between  with  broken  stone.  The  first  built 
were  about  10  by  15  feet  in  plan  with  the  skins  on  separate  frames 
or  supports  2  feet  apart.  Then  an  octagonal  form  was  introduced 
with  both  skins  on  the  same  frame,  leaving  but  a  few  inches  between 
them.  A  difficulty  experienced  with  this  form  was  that  a  shot  strik- 
ing opposite,  a  timber  of  the  frame  would  penetrate  the  entire  struc- 
ture, as  it  would  encounter  no  stone.  A  construction  permitting 
stone  to  be  placed  behind  each  timber  in  the  path  of  a  shot  passing 
through  it  was  Introduced,  but  was  complicated  and  difficult.  The 
final  and  most  satisfactory  design  was  circular  in  plan.  A  corrugated- 
iron  drum  13i  feet  in  diameter  and  3  feet  11  inches  high  was  set  on 
level  ground  and  a  parapet  of  stone,  3  feet  thick  at  bottom  and  2  feet 
at  top,  was  built  around  it  on  the  outside.  On  this  parapet  was  placed, 
a  shield  consisting  of  an  inner  drum  of  corrugated  iron  16  feet  in 
diameter  and  an  outer  one  16  feet  in  diameter,  each  2  feet  8  Inches 
high,  and  kept  at  uniform  distance  by  spacing  blocks  at  the  top. 

The  loopholes,  12  in  number,  of  sheet  iron  of  the  double-hopper 
type,  with  throats  6  inches  high  by  3  inches  wide,  were  placed  in  the 
shield,  the  bottoms  4  feet  3  inches  from  the  floor.  The  space  be- 
tween the  skins  of  the  shield  wad  filled  with  closely  packed  broken 
stone.  It  was  found  necessary  to  provide  for  adding  stone  under  the 
loopholes  to  replace  settlement.  An  octagonal  frame  rested  on  top 
of  the  shield  and  was  bolted  to  the  spacing  blocks,  its  alternate  sides 
extended  to  complete  a  square  on  which  a  pitch  roof  was  built.  A 
canvas  roof,  supported  by  a  pole,  like  a  conical  tent  was  used  in. 
some  cases. 
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A  small  opening  on  one  side,  large  enough  for  a  man  to  crawl 
through,  was  closed  by  an  Iron  door  under  the  outer  drum  of  the 
shield.  There  was  also  a  removable  barrier  of  the  same  construction 
as  the  shield,  which  stood  against  the  opening  in  the  drum  of  the 
parapet. 

A  trench  4)  feet  deep  was  dug  2  to  5  yards  outside  the  blockhouse 
and  a  wire  entanglement  was  constructed  outside  the  trench.  Such 
blockhouses  were  sometimes  built  at  the  rate  of  6  a  day  by  a  party 
of  30  men.  Nearly  400  of  these  were  erected,  most  of  them  in  a  sin- 
gle month. 

59.  Flanlclnar  defense«« — Dead  angles  in  front  of  a  defensive 
structure  may  be  swept  longitudinally  or  parallel  to  the  firing  crest 
to  prevent  their  being  used  as  a  rallying  place  by  the  assailants.  Such 
fire  is  usually  directed  along  the  front  from  one  of  the  flanks  and  is 
called  flanklnar  4re.  The  structures  built  for  this  purpose  are 
called  flank  defenses. 

A  caponlere  or  tambour  is  a  small,  low,  stockaded  Inclosure  or 
blockhouse  situated  to  fire  along  a  dead  angle.  If  it  can  be  placed 
at  the  intersection  of  two  dead  angles  it  may  sweep  both.  At  the 
foot  of  a  wall  a  stockade  open  at  the  top  may  be  used,  if  its  floor 
must  be  at  ground  level,  which  will  be  the  case  on  rock  or  marsh, 
though  a  weatherproof  cover  will  generally  be  desirable  (fig.  81).  If 
the  floor  can  be  sunk  below  the  ground  level,  a  bullet-proof  roof  is 
necessary  (fig.  82).  In  a  ditch  the  structure  should  be  sunk  so  that 
the  roof  will  be  below  ground  level  and  the  top  should  be  of  overhead 
cover.  It  must  not  extend  entirely  across  the  ditch,  or  if  it  does,  or 
nearly  so,  it  must  be  obstructed,  so  that  it  can  not  be  used  as  an 
approach. 

There  must  be  communication  through  and  under  the  parapet  or 
wall,  so  that  the  defenders  in  the  tambour  can  escape  into  the  in- 
terior at*  the  last. 

60.  A  dltcli  may  also  be  flanked  by  a  counterscarp  srallery, 
which  is  a  bomb-proof  chamber  formed  behind  or  outside  of  the  coun- 
terscarp at  the  salient  of  a  parapet  <flg.  80).  The  side  toward  the 
ditch  is  stockaded  and  loopholed  for  fire  along  the  ditch.  The  en- 
trance must  be  on  the  ditch  side  and  protected  from  fire.  The  garri- 
son of  a  counterscarp  gallery  will  usually  have  no  communication 
with  the  interior  of  the  work. 

61.  Obstacles  are  designed  to  protect  the  works  from  surprise 
and  to  reduce  the  momentum  of  attack  by  breaking  up  the  enemy's 
formation  and  holding  him  under  the  accurate  fire  of  the  defense. 
They  should  be  invisible  from  the  direction  of  approach,  should  be 
dlfllcult  to  destroy,  and  should  afford  no  screen  or  cover  to 
the  enemv. 

Obstacles  may  be  in  front  of  or  on  the  line  of  defense.  In  the 
former  case  they  should  be  50  to  100  yards  in  front  of  the  firing 
crest.  If  on  the  line,  they  are  in  the  ditch,  if  there  is  one,  or  are 
employed  to  close  intervals  and  are  flanked  or  enfiladed  by  adjacent 
works. 

Obstacles  should  be  at  such  distance  from  the  parapet  that  it  is 
dlfllcult  for  hostile  bombers  to  crawl  up  to  them  and  then  throw 
bombs  into  the  trench.  On  the  other  handy  the  obstacles  should  be 
under  close  observation  and  under  close  fire  of  the  defense.  If  the 
front  edge  of  the  wire  is  40  yards  from  the  trench,  these  conditions 
are  fulfilled. 

62.  Concealment. — ^The  value  of  an  obstacle  will  be  Increased 
and  its  liability  to  injury  by  fire  decreased  if  the  obstacle  is  con- 
cealed. If  it  is  possible  to  place  the  obstacle  in  a  fold  in  the  ground, 
so  much  the  better.  It  is  sometimes  possible  to  place  the  obs&cle  in 
a  broad,  shallow  ditch.  In  that  case  the  deepest  part  of  the  ditch 
should  be  toward  the  enemy.  The  earth  should  be  carried  back  and 
placed  in  the  parapet. 

63.  Construction. — The  obstacle  should  be  made  in  such  a  way 
that  the  following  conditions  are  fulfilled : 
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(1)  The  working  party  conatracting  it  staonld  be  extended  mid 
never  bunched  together. 

(2)  Silence  must  be  preserved.  Tbereforef  everyone  must  know 
exactly  what  he  has  to  do. 

(3>  Speed  is  necessary.  The  work  must  therefore  be  methodical, 
each  man  having  a  specific  task. 

(4)  The  working  party  must  never  have  an  obstacle  between  it 
and  the  trench. 

(5)  The  obstacle  should  be  one  that  can  be  improved  and  thickened 
up  easily  and  quickly. 

(6)  The  obstacle  should  be  of  a  tvpe  that  will  suffer  as  little  as 
possible  from  hostile  gun  and  small-arm  fire  and  from  rifle  and 
machine-gun  fire  of  the  defense. 

64.  Above  all  In  Importance  an  an  obstacle  is  wive  en* 
tanarlement. — Under  the  conditions  of  the  war  in  Europe  no  trench 
is  found  worthy  of  the  name  that  has  not  been  protected  by  this 
means.  About  oK>  feet  in  front  of  trenches  an  entanglement,  usually 
30  feet  wide,  is  placed,  though  often  trenches  may  be  protected  by 
two  similar  lines  of  entanglement  60  feet  apart.  As  many  as  three 
lines  are  sometimes  used.  As  for  the  wire,  it  is  barbed  If  possible, 
but  often  smooth  and  of  every  possible  diameter;  it  has  been  neces- 
sary to  make  use  of  any  kind  that  could  be  obtained.  In  a  number 
of  cases  abatis  may  also  be  used  in  front  of  the  trenches.  In  the 
early  part  of  the  war  ail  roads  leading  to  Paris  were  barricaded  at 
frequent  intervals  near  the  city;  some  of  these  barricades  at  the 
gates  of  the  city  were  protected  by  a  ditch,  wire  entanglement,  che- 
vaux  de  frlse,  and  abatis,  in  the  order  stated.  In  front  of  many  lines 
of  open  trenches  barbed  wire-  to  the  extent  of  60  miles  to  the  mile  of 
front  has  been  used,  while  around  fortified  places  the  use  of  400  miles 
of  wire  to  the  mile  may  be  cited. 

65.  "Wire  clievaux  de  frise. — A  form  of  portable  wire  entangle- 
ment consists  of  three  or  four  wooden  crosses,  lashed  or  spiked  at 
their  centers  to  a  long  pole,  such  as  a  bean  pole,  and  connected  with 
each  other  by  barbed  wire.  This  produces  an  obstacle  similar  to  a 
chevaux  de  frise,  and  presents  a  barbed-wire  fence,  even  though  rolled 
over  (figs.  84  and  8o).  There  is  also  another  smaller  individual 
chevaux  de  frlse  prepared  in  trenches  and  used  for  throwing  forward 
into  one*s  own  entanglement  to  make  it  more  complex  or  to  be  car- 
ried while  making  the  assault  to  throw  into  the  enemy's  trenches  to 
prevent  circulation  therein.  These  latter  are  constructed  on  a  stick 
some  5  or  6  feet  long,  with  two  2-foot  crosspleces  toward  one  end. 
This  frame  is  firmly  draped  with  barbed  wire,  forming  a  polyhedral 
mass  with  a  short  free  end  of  the  long  stick  for  a  handle. 

66.  Construction  of  '%vire  entangrlemeats. — In  constructing 
entanglement,  wooden  or  iron  posts  may  be  used.  A  very  good  type  or 
iron  post  is  about  three-quarters  incn  in  diameter,  provided  with 
eyelets  for  attaching  the  wire,  and  has  the  lower  end  auger  twisted 
for  about  18  inches,  so  that  it  can  be  screwed  securely  into  the 

ground.    The  construction  of  entanglement  tn  the  face  of  the  enemy 
as  always  been  attended  with  great  losses,  so  that  the  possibility  of 
using  the  auger  post  noiselessly  at  night  is  a  great  advantage. 

The  Impracticability  of  constructing  regulation  entanglement  tmder 
fire  has  fed  to  what  might  be  termed  sectional  installation.  One 
such  method  Is  to  prepare,  under  cover,  panels  some  15  or  20  feet 
long,  of  wire  firmly  fastened  to  the  pointed  stakes  and  then  rolled  up. 
Soldiers  provided  with  mauls  rush  out  In  front  of  the  trenches,  carry- 
ing the  panels,  which  they  unroll  on  the  way,  and,  arriving  on  the 
line  of  the  proposed  entanglement,  they  quickly  drive  the  stakes.  The 
ends  of  wire  purposely  left  extending  beyond  the  stakes  at  the  ends 
of  each  panel  serve  to  bind  the  panel  to  the  next  erected  by  other 
soldiers.  It  is  not  a  single  line  o^  entanglement  like  a  fence  that  is 
thus  built,  but  several  lines,  joined  by  a  multiplicity  of  triangles 
and  squares.  For  rapid  and  noiseless  placing  of  entanglements,  Oup 
of  the  manuals  of  this  war  provides  as  follows :  Triangular  pyramif* 
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8  feet  6  Indies  biffh  are  made  of  six  poles  or  pieces  of  timber.  These 
pyramids  are  used  in  pairs,  witli  six  wires  connecting  them.  In  any 
position  of  the  pyramids  the  wires  will  tie  np.  -  ESach  pynumld  can  be 
carried  by  one  man.  The  bays  are  taken  ont  and  placed  on  the 
ground  so  as  to  brealc  Joints,  and  are  later  piclceted  down  if  occasion 
offers  (fig.  86).  Another  substitute  for  pcwts  consists  of  three  sticks 
crossed  at  right  angles,  t>ound  together  at  their  middle  points,  and 
^he  ends  wired  in'  triangles. 

67.  mrtre  for  cntanarleiueKts.^ — ^The  commercial  package  of 
barbed  wire  in  a  coil  is  not  convenient  for  carrying  or  working  along 
the  trenches.  It  is  therefore  wound  by  soldier  labor  on  sticks  a  yard 
in  length  and  a  couple  of  Inches  thick.  The  winding  is  done  in  a  sort 
of  a  figure  8  and  results  in  an  eliptical  ball  about  a  foot  thick,  from 
the  ends  of  which  the  stick  protrudes,  affording  two  handles  for  carry- 
ing and  manipulation.     In  many  places  specially  made  wire  is  em* 

Sloyed,  wliich  is  much  heavier  than  the  commercial  barbed  wire,  and 
le  barbs  are  themselves  much  heavier  and  more  closely  placed.  The 
ordinary  luirbed  wire,  while  it  can  l>e  more  easily  obtained,  does  not, 
of  course,  give  the  protection  that  is  obtained  with  the  special  wire. 
Much  of  this  special  heavy  wire  with  4-point  barbs  at  inch  intervals 
has  been  used,  and  when  once  in  place  is  most  efficacious,  but  it  is  so 
difficult  to  handle  that  for  hasty  installation  the  preference  is  for 
the  commercial  wire  with  a  hand's  width  between  barbs. 

68.  Construction  of  lomr  wire  entanjErlement.-^-The  party 
should  consist  of  82  workers  if  possible,  exclusive  of  noncommissioned 
officers.  Form  the  party  in  two  ranks  and  number  them  in  threes  both 
front  and  rear  rank.  The  left  file  is  not  numbered.  For  the  sake  of 
explanation  letters  are  given  to  these  parties  of  three  as  follows : 


0     0     0 

B 

0     0     0 

D 

0     0     0 

F 

0     0     0 

H 

0     0     0 

K 

0     0     0 

A 

0     0     0 

C 

0     0     0 

E 

O     0     0 

O 

0     0     0 

I 

Assume  that  two  bays  of  low  wire  are  to  be  built. 

Description  of  obstacle. — The  obstacle  consists  of  3  foot  6 
inch  pickets  driven  about  1  foot  into  the  ground.  At  the  end  of 
each  row  of  pickets  is  a  short  anchor  picket  sloping  back  away  from 
toe  line  of  the  entanglement  and  about  3  feet  from  the  end  pickets. 
The  rows  are  3  yards  apart  and  the  pickets  in  each  row  are  3  yards 
apart.  The  pickets  are  placed  in  quincunx  order ;  that  is,  those  of  the 
middle  row  divide  the  gaps  between  those  of  the  outer  rows.  A  taut 
strand  of  barbed  wire  is  run  along  each  row  at  knee  height,  being 
made  fast  with  a  round  turn  to  each  picket.  Between  the  middle  row 
and  each  of  the  outer  rows  is  a  diagonal  wire,  taut  and  at  knee  height, 
running  from  the  first  outer  row  picket  to  the  second  center  row 
picket,  the  second  outer  row  picket,  and  so  on. 

Resting    on    the    diagonals   and    half   way    between    the    rows    of 

f tickets  are  laid  two  wires,  one  on  each  side  of  the  center  row,  quite 
oose  so  that  they  loop  kbout  on  the  ground.  These  loose  wires  are 
fastened  to  the  diagonals  by  twisting  the  loose  and  diagonal  wires 
together  in  every  otner  place  that  they  cross. 

I^Qti«^M  of  parties. — Parties  A  and  B  go  out  almost  simultane- 
ously. Party  A  drives  the  first  row  of  pickets  and  so  needs  a  maul. 
The  maul  man  should  be  tall.  One  man  mauls,  one  supplies  the  pick- 
ets, one  paces  the  3  yards  and  holds  the  pickets  for  driving.  Keeping 
close  up  so  as  not  to  lose  the  pickets,  comes  party  B  with  a  coil  of 
hftrhpd  wire,  a  pair  of  wlrecuttecs,  and  two  pairs  of  hedging  gloves, 
parties  carry  similar  equipment. 

T  at  the  anchor  picket,  party  B  runs  out  the  first  straight 

nan  holding  and  uncoiling  the  wire,  the  other  two  taking 

ts,  each  taking  the  turns  on  alternate  pickets. 

yards  behind  Is  party  C.  a  picket  party  which  drlTes  the 

of  pickets,  one  man  again  mauling,  one  holding  and  pacing. 
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one  supplying  pickets.  This  party  measures  tbe  position  of  each 
picket  from  the  front  row  by  going  to  each  picket  In  the  front  row. 
pacing  li  yards  along  the  line',  turning  at  right  angles  and  pacing  3 
yards  and  then  planting  the  .  picket.  This  eliminates  cumulatire 
errors 

Starting  6  yards  behind  C  comes  party  D,  which  works  on  the 
same  system  as  -B  and  puts  oa  the  diagonal,  keeping  behind  Its  own 
wire. 

Party  E  runs  out  the  first  loose  wire^  starting  about  12  yards 
behind  I).  One  man  holds  the  coil  and  imwiuds  it.  One  man  places 
the  wire  in  position  on  the  diagonal.  The  third  man  clips  the  loose 
wire  to  the  diagonal. 

Party  F  comes  15  yards  behind  E  and  runs  out  the  second  straight 
wire.  Party  G  drives  the  third  row  of  pickets,  measuring  the  posi- 
tion of  each  from  those  of  the  second  row.  Party  H  starts  6  yards 
behind  O  and  puts  on  the  second  diagonal.  Party  I  starts  12  yards 
behind  H  and  runs  the  second  loose  wire.  Party  K  starts  15  yards 
behind  I  and  completes  the. bay  with  the  third  straight  wire. 

The  direction  is  kept  by  the  men  of  the  left  file,  who  provide 
themselves  with  a  piece  of  string  or  tape,  equal  in  length  to  the  dis- 
tance from  the  parapet  to  the  front  edge  of  the  wire.  They  go  out 
with  party  A.  One  man  places  himself  at  the  foot  of  the  parapet 
with  one  end  of  the  string  in  his  hand.  The  other  runs  the  string 
out  until  it  is  taut.  The  man  on  tbe  parapet  keeps  the  string  always 
perpendicular  to  the  general  line  of  the  parapet.  The  other  man  keeps 
It  taut  and  moves  along  with  party  A.  Work  can  be  done  with 
parties  of  two  men,  but  if  one  is  hit  the  work  is  disorganized. 

If  there  are  fewer  parties  the  same  party  may  have  to  do  two 
or  more  parts  of  the  work.  Thus,  if  there  are  only  six  parties  A 
will  also  do  G's  work,  B  will  do  H*s,  C  will  do  I's,  D  will  do  K's. 
The  pickets  must  be  driven  in  far  enough  in  the  first  Instance.  If 
they  have  to  be  driven  after  the  wire  is  on,  the  wire  will  be  too  low. 
Mauls  should  be  muffled  with  sandbags  nailed  on. 

Ad-van taflres  of  le^v  wire  entaafirlemeiit. — EftaUy  thickened, 

?uick,  easy  to  conceal,  not  easily  destroyed  by  hostile  fire  or  by 
rlendly  fire  which  will  pass  over  it.  The  men  are  always  behind 
the  wire.  Easy  to  mend.  This  entanglement  requires  1  picket  and 
11  yards  of  barbed  wire  for  each  yard  of  front. 

69.  French  livlre. — ^Thls  consists  of  a  continuous  spiral  of  plain 
wire  8  feet  6  inches  in  diameter,  each  turn  of  wire  being  clipped  to 
the  turns  on  both  sides  In  five  places.  When  closed  up  It  looks  very 
much  like  a  coil  of  plain  wire,  but  when  pulled  out  it  makes  a  cylin- 
der of  wire  mesh.  Each  small  coil  pulls  out  to  a  length  of  20  yards 
(fig.  87).     A  big  coil  consists  of  five  small  coils. 

The  extended  coll  can  be  easily  crushed  down  by  throwing  a  weight 
on  the  top  and  must  therefore  be  supported  by  pickets  and  barbed 
wire.  It  is  easily  carried  and  quickly  put  up.  It  is  held  in  place  by 
iron  staples  5  Inches  long.  The  number  of  men  required  for  a  party 
is  26.  Two  men  keep  the  direction  with  a  string  as  for  low  wire  and 
the  remaining  24  iiT'e  divided  Int^  parties  of  three  as  for  low  wire. 

Two  or  more  rows  of  French  wire  make  an  obstacle.  Each  small 
coil  is  stapled  down  in  five  places;  that  is,  at  each  end,  one-fourth 
one-half,  and  three-fourths  of  the  way  along.  Where  two  coils  meet 
the  same  staple  fastens  down  both  colls. 

Pickets  5  reot  long  are  driven  Into  the  center  of  the  colls  in  five 
places  as  for  the  staples.  These  pickets  should  be  driven  In  at  least 
a  foot.  A  strand  of  oarbed  wire  is  run  along  the  top  of  each  row  of 
French  wire,  being  fastened  to  the  pickets  with  a  round  turn  6  inches 
above  the  French  wire.  These  strands  of  barbed  wire  are  pulled  as 
taut  as  possible  and  are  twisted  on  the  French  wire  with  a  staple, 
peg,  or  pair  of  wire  cutters  close  to  each  picket  and  in  several  places 
between  the  pickets.     This  barbed  wire  suppocts  the  French  wire 

The  two  rows  of  French  wire  are  about  2  feet  apart  and  tic 
gether  by  a  diagonal  strand  of  barbed  wire  running  ^om  the 
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of  the  pickets  of  one  row  to  the  tops  of  tbe  pickets  of  the  other 
row. 

In  addition,  a  strand  of  barbed  wire  is  run  along  the  front  of  the 
front  row  of  French  wire  and  twisted  to  it.  This  is  partly  to  hold 
up  people  trying  to  crawl  through  and  partly  to  hold  the  French  wire 
together,  should  it  come  loose  from  its  fastenings.  This  wire  is 
usually  called  the  *'  apron  wire."  After  this,  more  apron  wire  can 
be  added  or  loose  wires  may  be  inserted  between  the  two  rows. 

Duties  of  'vrlrlKflT  party. — Party  A,  first  French  wiring  party : 

A  1  holds  end  of  wire  and  staples  it  down. 

A  2  pulls  wire  out  for  20  yards. 

A  3  shakes  wire  clear  of  obstructions  and  puts  in  staples  one-half 
and  three-fourths  way  along. 

A  1  gets  another  coil  and  butts  it  against  A  2*8  end  of  the  first 
coil  ana  staples  both  ends  together. 

A  2  and  A  3  proceed  as  before  and  so  on  until  the  first  row  Is 
complete.  A  1,  2,  and  3  carry  15  to  20  staples  slung  on  a  cord  over 
the  shoulder.    As  soon  as  party  A  is  clear,  party  B  comes  out. 

B  1  mauls  in  the  anchor  picket  and  the  long  pickets  through  the 
center  of  the  coil  every  5  yards  along  the  line. 

B  2  measures  distance  and  holds  pickets  for  driving. 

B  3  supplies  pickets. 

B  1  should  be  a  tall  man.  Where  coils  butt  up  against  each  other 
they  are  crossed  and  the  picket  is  driven  through  both  coils  holding 
them  together.     As  soon  as  party  B  is  clear  party  C  comes  out. 

C  1  uncoils  barbed  wire. 

C  2  makes  fast  end  to  anchor  picket  and  then  takes  a  round  turn 
with  the  barbed  wire  around  every  picket  about  6  iJ&ches  above  the 
French  wire. 

C  3  twists  the  barbed  wire  to  the  French  wire  close  to  each  picket 
and  in  three  or  four  places  between.  He  carries  pegs  or  staples  for 
this  purpose. 

As  soon  as  C  is  clear  party  D  comes  out. 

D  1  has  a  coil  of  barbed  wire  and  runs  it  out  up  against  the  front 
of  the  French  wire  about  halfway  up. 

D  2  and  3  twist  it  to  the  French  wire  every  2  or  8  yards,  thus 
forming  the  apron. 

Next  come  parties  B.  F,  and  G,  who  run  out  a  second  row  of 
French  wire  behind  the  first  row  at  such  a  distance  that  a  man  can 
Just  pass  between  the  two  rows.  Their  duties  are  identlctl  with  those 
of  parties  A,  B,  and  C. 

Next  comes  party  H. 

H  1  has  a  coil  of  barbed  wire  and  moves  between  the  two  rows, 
uncoiling  the  barbed  wire. 

H  2  and  3  move  on  either  side  of  the  entanglement  and  make  this 
barbed  wire  fast  to  the  pickets*  H  1  holding  the  coil  in  such  a  way 
as  to  enable  H  2  and  3  to  reach  it.     This  forms  the  diagonal. 

70.  Where  opposing  trench  lines  are  very  close  together,  stakes  can 
not  be  driven  for  the  usual  form  of  wire  entanglement  on  account  of 
the  noise  of  driving,  which  would  draw  fire.  If  not  too  close  to  the 
enemy,  iron  rods  with  a  screw  end  may  be  used  in  Ueu  of  stakes; 
these  may  be  three-fourths  inch  diameter  with  one  or  two  loops  in 
their  length  to  which  to  fasten  the  wire.  In  ordinary  ground  such 
rods  can  be  screwed  into  a  firm  hold  without  noise.  When  the  enemy 
is  too  close  for  this,  various  forms  of  portable  obstacles  in  the  nature 
of  chevaux  de  frise  are  employed  (figs.  84  and  85).  These  are  made 
up  at  the  depots,  brought  forward  through  the  trenches,  and  simply 
tossed  out  in  front,  by  day  or  by  night. 

71.  The   hlfflft   wire   entangrlement    (fig.   88)    is  similar  in   a 

feneral  way  to  the  low  entanglement,  but  is  4  to  6  feet  in  height, 
t  usually  consists  of  three  to  five  rows  of  stakes  connected  by  barbed 
wire.  In  addition  to  the  horisontal  wires  connecting  the  tops  of  the 
stakes,  it  has  diagonal  wires  running  from  the  top  of  each  stake  to  the 
bottoms  of  all  adjacent  stakes.     The  side  toward  the  enemy  shop' 
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77.  Chexeanx  de  f rise  are  obstacles  of  the  form  shown  in  figure 
95.  They  are  usually  made  in  sections  of  manageable  length  chained 
together  at  the  ends.  They  are  most  useful  in  closing  roads  or  other 
narrow  passages,  as  they  can  be  quickly  opened  for  friendly  troops. 
The  lances  may  be  of  iron  instead  of  wood  and  rectangular  instead  of 
round ;  the  axial  beam  may  be  solid  or  composite.  Figures  96  and  97 
show  methods  of  constructing  cheveaux  de  frise  with  dimension  stuff. 

78.  A  formidable  obstacle  agralnst  cavalry  consists  of  rail- 
road ties  planted  at  intervals  of  10  feet  with  the  tops  4}  feet  above 
the  ground,  and  connected  by  a  line  of  rails  spiked  securely  to  each 
(fig.  98).  The  rail  ends  should  be  connected  by  fishplates  and  bolted, 
with  the  ends  of  the  bolts  riveted  down  on  the  ends. 

Figures  99  and  100  show  forms  of  heavy  obstacles  employed  in 
Manchuria  by  the  Russians  and  Japanese,  respectively.  The  former 
is  composed  of  timber  trestles,  made  in  rear  and  carried  out  at  night. 
The  latter  appears  to  have  been  planted  in  place. 

79.  Military  pits  or  troas  de  loup  are  excavations  in  the  shape 
of  an  inverted  cone  or  pyramid,  with  a  pointed  stake  in  the  bottom. 
They  should  not  be  so  deep  as  to  afford  cover  to  the  skirmisher.  Two 
and  one-half  feet  or  less  Is  a  suitable  depth.  Figure  101  shows  a 
plan  and  section  of  snch  pits. 

They  are  usually  dug  in  three  or  five  rows  and  the  earth  thrown 
to  the  front  to  form  a  glacis.  The  rear  row  is  dug  first  and  then  the 
next  in  front,  and  so  on,  so  that  no  earth  is  cast  over  the  finished 
pits. 

An  excellent  arrangement  is  to  dig  the  pits  in  a  checkerboard  plan, 
leaving  alternate  squares  and  placing  a  stake  In  each  of  them  to  form 
a  wire  entanglement  (fig.  102).  Cme  man  can  make  five  pits  on  a 
two-hour  relief. 

80.  Miscellaneous  barricades. — Anything  rigid  in  form  and 
movable  may  be  used  to  give  cover  from  view  ana  fire  and  to  obstruct 
the  advance  of  an  assailant.  Boxes,  bales  and  sacks  of  goods,  furni- 
ture, books,  etc.,  have  been  so  usefl.  The  principles  above  stated 
for  other  obstacles  should  be  followed,  so  far  as  the  character  of  the 
materials  will  permit.  The  rest  Ingenuity  must  supply.  Such  devices 
are  usually  call^  barricades  and  are  useful  in  blocking  the  streets 
of  towns  and  cities. 

81.  Inundations. — Backing  up  the  water  of  a  stream  so  that  it 
overflows  a  considerable  area  forms  a  good  obstacle  even  though  of 
fordable  depth.  If  shallow,  the  difficulty  of  fording  may  be  increased 
by  irregular  holes  or  ditches  dug  before  the  water  comes  up  or  by 
driving  stakes  or  making  entanglements.  Fords  have  frequently  been 
obstructed  by  ordinary  harrows  laid  on  the  bottom  with  the  teeth  up. 

The  unusual  natural  conditions  necessary  to  a  successful  inunda- 
tion and  the  extent  and  character  of  the  work  required  to  construct 
the  dams  make  this  defense  of  exceptional  use.  It  may  be  attempted 
with  advantage  when  the  drainage  of  a  considerable  flat  area  passes 
through  a  restricted  opening,  as  a  natural  gorge,  a  culvert,  or  a 
bridge. 

Open  cribs  filled  with  stones,  or  tighter  ones  filled  with  gravel  or 
eartn  (see  Bridges),  may  form  the  basis  of  the  obstruction  to  the 
flow  of  water.  The  usual  method  of  tightening  cracks  or  spaces  be- 
tween cribs  is  by  throwing  In  earth  or  alternate  layers  of  straw,  hay, 
grass,  earth,  or  sacks  of  clay.  Unless  the  flow  is  enough  to  allow 
considerable  leakage,  the  operation  will  not  be  practicable  with  field 
resources.  A  continuous  construction,  shown  in  section  in  figure  103, 
is  frequently  employed.  The  ends  of  the  dam  must  be  carried  well 
into  the  earth  to  prevent  the  water  from  cutting  around  them. 

When  the  local  conditions  permit  water  to  be  run  Into  the  ditch  of  a 
parapet  it  should  always  be  done. 

82.  Accidental   cover   includes  accidents   of   the   terrain   which 
can  be  used  to  advantage  as  cover  from  view  and  fire.     Such  are 
-v^-alls  and  other  incloBures,  bnildinffS)  enttlngUf  embanlnne^^ 
vroods,  etc. 
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All  these  require  preparation  to  better  subserve  their  purpose.  The 
application  of  the  foregoing  principles  to  such  conditions  is  sufficiently 
indicated  by  the  Illustrations.  The  preparation  has  mainly  to  do  with 
the  defensive  adaptation  of  the  cover  by  providing  for  fire  from  it. 

Figure  104  shows  the  preparation  of  a  wall  less  than  4  feet  high  for 
a  single  tier  of  fire.  Figure  105,  the  same  for  a  wall  6  feet  high. 
Figure  106,  the  same  for  a  wall  7  feet  high.  Figure  107,  a  wall  9  feet 
high  for  two  tiers  of  fire,  one  standing  and  one  lying.  Figure  108,  the 
same  for  one  tier  standing  and  one  kneeling. 

B^gure  109  shows  the  treatment  of  a  hedge  which  screens  the  para- 
pet from  view,  holds  the  exterior  slope  at  a  steep  pitch,  and  forms  an 
excellent  head  cover. 

Figure  110  shows  the  best  method  of  preparing  a  low  embankment 
and  figure  111  a  high  one. 

Figure  112  shows  three  methods  of  treating  a  railroad  cut ;  one  by  a 
tier  of  fire  on  the  lower  side,  another  by  a  tier  of  fire  on  the  upper 
side,  and  the  third  by  a  firing  crest  on  the  track.  Retreat  from  the 
first  and  advance  from  the  second  are  obstructed  by  the  cut  itself. 
Both  may  be  used,  the  fire  of  the  rear  line  covering  the  retreat  of  the 
front  one.  Care  must  be  taken  that  the  rear  line  can  not  shoot  into 
the  forward  one. 

83.  Balldlngra  if  exposed  to  artillery  are  untenable,  but  against 
rifle  fire  are  made  defensible  by  barricading  all  windows  and  doors, 
except  one  for  ingress  and  egress  on  the  most  sheltered  side,  and  pro- 
viding loopholes. 

Barricades  for  doors  and  windows  may  be  of  solid  materials, 
such  as  timber,  iron,  brick,  stone,  of  stockade  construction,  or  of 
hollow  articles  of  any  kind  which  will  form  receptacles  to  retain 
earth  or  other  bullet-proof  filling.  Articles  of  furniture,  trunks,  bas- 
kets, and  barrels  may  be  mentioned.  (See  also  Revetments.)  Bags 
are  useful  here  as  everywhere. 

A  house  of  stone  or  orick  will  give  some  protection  from  fire.  A 
wooden  house  gives  protection  from  view  only,  unless  time  suffices  to 
stockade  the  walls.  Care  must  be  taken  not  to  exclude  too  much  light. 
Openings  in  partitions  should  be  enlarged  and  additional  ones  made  to 
give  the  freest  possible  communication.  Hatches  should  be  cut 
through  the  fioors  and  roof  to  give  free  escape  of  smoke  and  gases. 

Lioopboling  is  done  as  already  explained.  The  loopholes  should  not, 
as  a  rule,  be  less  than  4  feet  apart  in  the  same  tier.  They  should  be 
arranged  to  concentrate  fire  in  front  of  doors  or  accessible  windows. 
Doors  should  be  further  strengthened  by  barricades  across  the  spaces 
into  which  they  open. 

If  bay  windowB  or  other  projections  are  available,  they  may  be 
utilized  for  llanklngr  lire.  The  loopholes  for  them  may  well  be 
near  the  ground  so  that  a  tier  for  other  fire  can  be  placed 'above  them. 

As  soon  as  the  barricade^  and  necessary  banquettes  are  finished  all 
other  combustible  material  should  be  removed  and  a  supply  of  earth 
and  water  for  fire  fighting  should  be  placed  at  convenient  points. 
Stores  and  ammunition  are  also  brought  in  and  disposed  of  in 
suitable  places.  A  space  as  secure  as  possible  from  fire  should  be 
set  apart  and  prepared  as  a  hospital;  and  latrines  must  also  be 
arranged  for. 

Tlie  defensive  preparation  will  depend  much  on  whether  the 
house  is  to  stand  an  actual  assault,  or  only  to  afford  an  advantageous 
cover  for  fire  upon  the  enemy  while  approaching.  This  should  be  de- 
termined and  announced  when  the  order  to  occupy  the  house  is 
given.  If  the  building  is  to  be  held  to  the  last,  a  good  fiank  de- 
fense must  be  arranged  and  the  interior  walls  must  be  loopholed 
and  arrangements  made  to  quickly  barricade  interiop  openings,  so 
that  a  fighting  retreat  may  be  made  from  room  to  room. 

In  addition  to  tambours  and  caponieres,  flanking  by  vertical  fire 
may  be  accomplished,  as  shown  In  flcrure  113.  Such  a  construction  is 
called  a  macnieonlls  saliery.  Fire  from  such  a  gallery  is  not 
very  effective  and  will  OBiially  not  be  worth  the  trouble  of  preparing 
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for  it.     Hand  grenades,  small  enough  to  be  pushed  through  the  loop- 
holes,  will  be  equally  effective. 

84.  While  the  defensive  preparation  of  the  building  is  in  progress 
the  adjacent  arronnd  nnvst  be  cleared  of  all  obstructions  to  fire 
and  such  obstacles  as  are  possible  constructed.  Good  obstacles 
make  flank  defense  much  less  necessary,  except  for  houses  to  be  held 
as  long  as  possible  regardless  of  losses. 

85.  Villaares. — Villages  of  well-built  houses  can  often  be  turned 
to  excellent  advantage  for  defensive  purposes,  and  the  issue  of  many 
important  battles  has  depended  on  their  capture.  The  outer  build- 
ings and  inclosure  walls  facing  the  attack  not  only  afford  a  strong 
firing  line,  but  the  interior  and  rear  of  the  village  furnish  good 
cover  for  supports  and  reserves.  An  obstinate  step-by-step  defense 
can  be  arranged  by  the  use  of  interior  buildings  and  street  barri- 
cades. 

In  preparing  a  village  for  defense,  the  strong  main  line  should  be 
provided  along  the  outer  edge  by  putting  walls  of  buildings  and  In- 
closures  in  a  defensible  condition.  If  the  village  is  subjected  to 
artillery  fire,  the  main  line  of  defense  should  be  placed  in  fire 
trenches  a  short  distance  in  front  of  the  outer  line  of  the  village 
with  ample  covered  communications  leading  to  the  rear.  The  front 
lines  should  be  divided  into  definite  sectors  of  defense  to  which  com- 
plete units,  companies  Or  battalions,  are  assigned.  Interior  lines  of 
defense  may  be  prepared  along  streets  parallel  to  the  front,  and  a 
final  stand  made  in  any  strong  central  building  in  an  open  space, 
such  as  a  church  or  courthouse.  Machine  guns  can  be  used  effec- 
tively from  behind  barricades  sweeping  the  streets  leading  to  the 
front.  Good  communications  are  an  important  feature  in  the  de- 
fense of  a  village,  and  these  should  receive  especial  care,  the  neces- 
sary openings  through  walls  being  provided  for  this  purpose.  Ar- 
tillery for  the  defense  of  villages  should  be  placed  outside  and  to  the 
rear  of  the  flanks. 

86.  IVoods. — Woods  offer  less  advantages  for  defensive  purposes 
than  villages.  Since  the  front  edge  of  a  woods  often  makes  a  good 
target  for  the  enemy's  artillery,  it  will  generally  be  best  to  place  the 
fire  line  in  rifle  trenches  a  short  distance  in  advance  of  the  edge  and 
to  use  the  woods  as  cover  for  supports  and  reserves.  If  the  edge  of 
the  woods  is  ragged  and  the  woods  not  too  dense,  a  trench  may  be 
placed  Just  inside  the  edge,  where  it  will  be  concealed  from  view. 
Digging  inside  woods  is  difficult  on  account  of  roots,  but  frequently 
sufficient  dead  branches,  logs,  etc.,  can  be  heaped  up  and  covered 
lightly  with  earth  from  a  shallow  trench  to  give  a  good  parapet. 
Shell  fire  on  woods,  although  not  materially  destructive,  is  apt  to 
be  demoralizing  to  men's  nerves.  Woods  afford  the  material  for 
abatis,  and  this  should  be  freely  used,  especially  along  reentrant 
portions  of  the  edge  when  it  can  be  fiankea  from  the  salient  parts. 
As  in  the  case  of  villages,  ample  communications  are  essential  for 
a  successful  defense.  These  should  be  marked  by  signposts  and  lan- 
terns to  show  plainly  the  positions  to  which  they  lead.  If  time  per- 
mits, a  clearing  may  be  made  through  the  woods  and  its  rear  edge 
occupied  as  a  second  line  of  defense.  Usually  this  is  impracticable 
on  account  of  the  enormous  labor  involved,  and  but  a  single  line  of 
defense  along  the  outer  edge  can  be  provided. 

87.  General  considerations. — The  foregoing  paragraphs  in- 
volve the  general  supposition  that  the  best  is  attainaole.  In  actual 
service  this  will  not  often  be  the  case.  War  does  not  usually  permit 
sandpapering  and  polishing.  The  main  thing  is  to  get  some  substan- 
tial  result  and   get   it  quickly.     The  military   engineer,   considering 

{)roJects  for  field  fortifications,  must  reckon  with  four  imperative 
Imitations — lack  of  time,  lack  of  men,  lack  of  tools,  and  lack  of  mate- 
rials. Each  of  these  tends  to  defeat  his  object  of  doing  the  very  best 
thing  and  compels  him  to  work. out  a  scheme  which  goes  as  far  in 
that  direction  as  his  limitations  permit.  The  best  is  to  be  kept  in  viey 
always  to  steady  the  aim  even  if  it  can  not  be  reached. 

94346»— 17 22 


3»l  ENdnSSa  VISLB  XAHVAL. 

The  flrwt  move  sh.ould  be  to  take  account  of  stock  by  finding  out 
what  time  is  allowed,  what  force  is  available,  what  tools  are  on  band, 
and  what  materials  can  be  procured.  The  relative  «iuantitie8  and  nnm- 
bers  hereinbefore  given  are  to  be  considered  as  minima.  Every  effort 
should  be  made  to  get  at  least  that  number,  and  by  all  means  get 
more  if  possible,  especially  of  men.  The  more  men  the  easier  the 
work  of  each  and  the  better  condition  all  will  be  in  when  the  work  is 
finished.  Manual  labor  for  soldiers  in  the  field  Is  a  necessary  evil  at 
best  and  should  always  be  minimized. 

Knowing  from  the  time,  force,  tools,  and  materials  to  be  had  what 
can  be  done  in  the  aggregate,  lay  out  a  scheme  within  the  limits,  fol- 
lowing such  of  the  preceding  principles  as  are  fundamental  and  slight- 
ing as  much  as  may  be  necessary  those  which  are  secondary  only.  An 
incomplete  or  emergency  scheme  leaves  some  risk  uncovered.  Decide 
which  is  the  least  probable  risk  and  economize  time  and  labor  In 
that  direction. 

88.  Latrine  accommodation  should  be  ample;  seats  should  be 
based  on  at  least  2  per  cent  of  the  troops  using  them.  Urine  recep- 
tacles should  be  basea  on  the  same  scale.  Latrines  should  be  provided 
for  all  trenches  and  shelters  which  have  to  be  occupied  even  for 
short  periods  }^j  troops. 

89.  The  following  are  some  of  the  various  kinds  : 

Box  latrine. — This  consists  of  a  pit  15  feet  long  by  2  feet  wide 
by  6  feet  deep.  A  squiare  box  or  boxes  are  placed  on  top.  The  sides 
should  be  boarded  all  round  so  that  the  boards  project  over  the  sides 
of  the  pit.  The  height  of  the  box  should  be  17  inches.  Two  holes 
are  made  in  it  and  lids  provided.  If  deep  enough  it  does  not  smell. 
It  is  most  suitable  for  trenches,  provided  the  ground  is  dry. 

If  there  are  frequent  approach  trenches,  say  one  every  100  yards, 
a  good  position  is  Just  off  the  approach  trench.  This  may  not  be 
suitable,  depending  on  the  trench ;  in  some  cases .  a  suitable  site  is 
at  the  corner  of  a  traverse. 

Backet  system. — If  the  ground  is  wet  and  deep  trenches  can 
not  be  dug  the  bucket  system  is  most  suitable  for  trenches.  Anv 
metal  receptacle  will  act  as  a  bucket.  The  excreta  must  be  covered 
with  earth.  It  is  very  important  that  every  officer,  noncommissioned 
officer,  and  man  shall  make  it  a  habit  to  cover  the  excreta  every  time 
before  he  leaves  the  latrine.  Officers  and  men  are  apt  to  forget 
this  and  in  five  minutes  the  excreta  will  be  covered  with  flies.  Tne 
buckets  are  removed  and  emptied  at  night. 

The  short-trench  system  is  suitable  only  on  the  line  of  march  when 
a  halt  is  made  for  a  night  or  two.  These  should  be  dug  3  feet  long 
by  2  feet  wide  by  1  foot  deep  with  4  feet  6  inches  interval  between 
latrines,  so  that  when  the  first  lot  are  full  and  covered  in  fresh  ones 
can  be  dug  between,  leaving  a  margin  of  9  inches  on  each  side  of  the 
hole  of  solid  and  not  foul  ground. 

90.  Every  latrine  should  have  a  separate  pit  dug  for  a  urinal. 
The  following  are  the  various  kinds : 

Pit  with  tin  can  on  top. — The  purpose  will  be  served  by  any 
pit  3  feet  deep  and  3  feet  in  diameter,  with  stones  in  the  bottom, 
covered  over  with  a  tin  can  perforated  at  its  bottom  placed  on  the 
stones. 

Trouflrli  system. — This  is  itiore  elaborate  and  suitable  for  a 
permanent  camp.  A  trough  slightly  Inclined,  2  feet  long,  made  of 
wood  lined  with  einc.  Oil  can  at  one  end  out  on  the  ground,  placed 
to  catch  flow  from  the  trough. 

Pipe  system. — This  consists  simply  of  an  oil  can  with  a  pipe 
soldered  on,  conducting  the  flow  to  a  pit  3  feet  deep.  This  is  clean 
and  simple. 

In  trenches  it  is  sometimes  impossible  to  dig  a  pit,  and  an  or* 
dlnary  oil  can  placed  in  a  suitable  position  as  container  can  be  used. 

91.  Disinfectants. — ^Bleaching  powder  (chloride  of  lime)  should 
be  freely  used  at  every  latrine  and  urinal.  All  ground  which  has 
been  used  for  latrines  snould  always  be  marked  "  foul  ground." 
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92.  Dralmave  is  essential  to  the  preaerration  of  trenches  and 
the  health  and  comfort  of  the  troops.  In  deliberate  works  it  is  well 
to  study  the  drainage  question  in  detail  and  to  dig  special  ditches  of 
ample  capacity  before  work  on  the  trenches  proper  is  begun.  Of 
course,  this  can  not  be  4one  in  the  presence  of  tne  enemy.  About  the 
only  remedy  in  that  case  is  the  construction  of  floors  or  gratings,  the 
collection  of  water  into  pits,  and  its  removal  by  constant  pumping. 
The  bottom  of  the  trencn  should  slope  toward  the  back,  where  the 
water  may  be  run  to  a  pit  in  a  drain.  Where  the  soil  is  impermeable 
an  endeavor  should  be  made  to  reach  a  permeable  laver  by  boring 
with  an  earth  auger.  In  hilly  terrain  the  water  may  oe  drained  off 
by  pipes  placed  under  the  parapet.  If  a  permeable  layer  can  not  be 
reached,  the  drainage  nits  must  be  emptied^  with  buckets  or  pumps. 

The  drainage  and  nooring  of  approach  and  commnnlcatlnar 
trencliea  in  constant  use  is  specially  Important,  and  should  be  con- 
sidered in  selecting  their  location,  when  timber  for  flooring  is  not 
available,  drains  filled  with  broken  stone  should  be  constructed  in  the 
bottom  of  the  trench.  A  good  form  of  floor  grating  is  made  of  cross 
pieces  of  I  by  4  by  24  inch  boards  nailed  to  two  longitudinal  pieces  of 
timber  about  8  by  4  inches  bv  6  feet  set  on  edge. 

In  slielteps,  provision  snould  be  made  for  the  drainage  of  water 
which  runs  through  the  entrance  or  seeps  through  the  walls.  A 
drainage  pit  should  be  constructed  near  the  entrance  and  the  floor  of 
the  shelter  should  be  sloped  toward  it ;  the  pit  must  be  emptied  when 
necessary.  The  roofs  of  shelters  should  be  made  waterproof  by  using 
roofing  paper,  corrugated  iron,  tin  or  zinc,  linoleum,  canvas,  or  tiles. 

TRAINING  IN  FIELD  FORTIFICATION. 

93.  Infantry  must  be  capable  of  the  construction,  repair,  and  main- 
tenance of  all  forms  of  trenches,  shelters,  and  barbeo-wire  entangle- 
ments. Constant  practice  in  digging  and  making  entanglements  at 
night  is  necessary.  Officers  and  men  must  be  well  trained  in  the 
method  of  marking  out  works  to  be  dug  at  night  and  in  extending  a 
party  silently  on  a  task  in  darkness.  Troops  should  be  trained  to  dig 
fully  equipped  except  for  their  packs.  It  will  be  useful  to  have  a 
certain  number  of  men  in  each  company  specially  trained,  under  engi- 
neer supervision  in  the  construction  of  obstacles,  loopholes,  revet- 
ments, and  drains. 

The  output  of  work  Is  much  greater  when  the  workers  have  been 
systematically  trained  and  when  they  are  correctly  distributed  to 
their  several  tasks  and  .directed  by  competent  noncommissioned 
officers. 

94.  The  elementary  tralnlniT  need  take  only  two  or  three 
weeks,  but  what  is  learned  should  be  learned  with  great  thorough- 
ness, so  that  each  man  In  actual  operations  will  know  exactly  what 
he  has  to  do  and  what  to  expect  of  his  neighbors.  This  Instruction 
can  be  given  from  this  Manual,  and  should  include  the  use  of  the 
different  tools  listed  in  the  Unit  Equipment  Manual,  the  most  effective 
way  of  handling  them,  systematic  distribution  of  tools  and  tasks,  co- 
operation so  that  men  will  not  get  in  each  other's  way,  and  knowledge 
of  the  adopted  sections  and  types  of  construction. 

The  types  of  construction  are  few  in  number,  and  the  men  should 
be  trained  to  build  without  hesitation  the  normal  or  usual  type  of 
firing  trench^  communicating  trench,  machine-gun  emplacement,  cov- 
ered shelter,  cave  shelter,  and  to  break  out  and  work  a  sap.  Special 
constructions  beyond  the  above  list  can  be  given  later  to  those  best 
qualified  to  receive  it.  or  in  cases  of  special  emergency. 

Instruction  of  troops  should  prepare  them  to  take  their  places  Im- 
mediately among  the  combatants  when  they  go  to  the  front  as  rein- 
forcements. For  their  own  sake  they  must  know  all  the  latest  methods 
01  combat,  both  defense  and  attack. 

It  has  been  noted  that  in  training  the  reserves  and  troops  in  depots 
in  some  of  the  European  armies  ^ot  enough  attention  is  given  to 
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grenade  instruction,  sapping,  rules  for  life  in  cantonmeftts,  duties  In 
the  trenches,  actual  assaults,  and  combats  in  a  labyrinth  of  communi- 
cating trenches  and  barricades. 

95.  All  depots  should  have  on  hand  a  sufficient  number  of  tools, 
sandbags,  and  unloaded  but  primed  grenades,  without  which  training 
for  trench  work  is  purposeless  and  futile.  Combats  with  blank  car- 
tridges should  be  carried  out  dally  in  lines  of  entrenchments  copied 
after  those  of  some  known  and  tested  field  of  battle.  The  men  in 
reserve  need  instruction  for  the  work  they  will  take  up  at  the  front 
and  should  have  full  course  in  work,  discipline,  and  life  in  the 
trenches. 

ORGANIZATION  OF  A  DEFENSIVE  POSITION. 

96.  A  defensive  position  may  be  occupied  as  a  result  of  an 
indecisive  combat  in  which  certain  positions  are  seized,  or  as  a  result 
of  previous  selection  of  a  suitable  terrain.  If  time  is  available  for  a 
previous  selection,  the  most  suitable  points  may  be  selected.  If  the 
position  13  taken  up  as  a  result  of  an  indecisive  combat,  the  positions 
occupied  are  not  necessarily  good,  and  a  consolidation  and  readjust- 
ment of  the  line  is  promptly  undertaken  utilizing  the  poHltions  occu- 
pied, as  far  as  they  are  suitable.  This  general  line  is  often  made  more 
satisfactory  by  capture,  through  concentrated  effort,  of  certain  posi- 
tions in  the  hands  of  the  enemy  and  less  often  by  withdrawal  of  troops 
from  exposed  positions  already  occupied  and  intrenched  by  them. 

Whatever  may  be  the  manner  or  occupation,  a  defensive  posi- 
tion, completely  orgranlzed  for  defense,  consists  in  its  sim- 
plest form  of  the  following: 

(a)  Foregrronnd  cleared  and  obstructed  by  obstacles. 

ifi)  Flringr  trenches,  consisting  of  a  line  of  strongr  points* 
which  may  or  may  not  be  connected  by  trenches  in  the  Intervals. 
Many  machine  guns  are  generally  included  in  the  firing  trenches. 

(c)  Support  trenches*  connected  with  the  firing  trenches  by 
approach  trenches.  As  a  rule  a  battalion  is  assigned  a  sector 
for  defense,  and  it  furnishes  its  own  supports.  Certain  sections  of 
firing  trenches  and  support  trenches,  with  approach  trenches,  are 
called  supporting  points.     (See  figs.  118  and  119.) 

(d)  Command  posts,  intrenched  in  most  suitable  positions. 

(e)  Reserve  and  approach  trenches. 

if)  Artillery  positions,  staff  positions,  more  reserves,  etc. 

97.  A  general  line  to  be  occupied  by  previous  selection  cui 
usually  be  selected  from  the  map  In  such  manner  as  to  meet  the 
strategical  and  tactical  requirements  of  the  situation.  The  entire 
front  is  divided  into  sectors  or  sections,  assigned  to  brigades,  regi- 
ments, and  battalions.  This  simplifies  command  and  insures  con- 
tinuity of  the  defense.  If  the  map  is  a  good  one  (such  as  the  maps 
of  the  U.  S.  Geological  Survey),  the  brigade  sectors  may  be  selected 
therefrom,  but  for  the  assignment  of  the  smaller  sectors  and  the 
organization  of  supporting  points  an  examination  of  the  ground  is 
absolutely  essential.  Any  attempt  to  make  such  assignments  from 
the  map  alone  would  be  very  apt  to  result  diastrously. 

The  matters  to  be  considered  in  organizing  a  defensive  position 
are :  The  mission  of  the  command,  numbers  and  quality  of  troops, 
strength,  position,  and  probable  intentions  of  the  enemy  or  of  any 
supporting  troops  in  the  vicinity,  the  nature  of  the  terrain,  the 
weapons  of  both  combatants,  the  eflBciency  of  fire,  artillery  positions 
available  for  both  sides,  ease  of  support,  maneuver,  or  retreat,  re- 
inforcements expected,  whether  delaying  or  decisive  action  is  con- 
templated, time  the  position  must  be  held,  time  available  for  prepara- 
tion, etc. 

98.  Supportliiflr  points  are  the  unit  areas  of  the  defensive  posi- 
tion. They  may  consist  of  a  single  knoll,  a  single  nose  convex 
toward  the  enemy,  a  piece  of  wooded  ground,  a  small  village  suitable 
for  defense  by  a  small  combat  unit,  a  large  woods,  a  group  of  hills 
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or  nose^,  a  large  town  suitable  for  defense  by  a  large  combat  unit, 
etc* 

The  combat  unit  assigned  for  the  defense  of  any  supporting  point 
will  vary  with  the  size  and  importance  of  the  area  to  be  defended, 
its  relation  to  the  rest  of  the  lihe,  the  difficulty  of  organization, 
proximity  to  a  threatened  flank  of  the  general  line,  distance  from 
active  supporting  troops,  etc.  In  our  organization  a  battalion  is 
the  smallest  unit  which  ordinarily  holds  a  support,  and  It  ts  the 
smallest  unit'  usually  assigned  to  the  occupation  of  a  supporting 
point. 

In  field  fortifications  closed  works  find  little  application.  The 
front  is  covered  by  a  wide  extent  of  rifie  trenches,  so  disposed  as  to, 
fire  on  all  portions  of  the  terrain  over  which  an  advance  of  the 
enemy  is  practicable.  There  should  be  a  maximum  development  of 
frontal  fire  and  arrangements  for  mutual  support  by  means  of  cross 
fire. 

The  general  location  of  the  line  and  the  area  assigned  to  the 
unit  will  fix  approximately  the  position  to  be  occupied.  It  must,  of 
course,  be  within  the  sector,  but  some  leeway  in  the  direction  of 
depth  is  allowed  so  long  as  the  unit  does  not  unduly  expose  its  own 
fiank  or  those  of  the  adjacent  supporting  points  on  either  side, 
which  are  (in  a  measure)  dependent  upon  it  for  fire  support. 

It  will  thus  be  apparent  that  a  unit  may  often  be  forced  to  or- 
ganize a  supporting  point  in  a  locality  which  at  first  glance  appears 
to  offer  a  very  poor  field  of  fire. 

99.  Sltingr  of  trenches. — There  are  many  confiicting  considera- 
tions to  be  taken  into  account  in  deciding  on  the  best  siting  for 
trenches.  Reports  have  been  received  of  the  placing  of  trenches  on 
the  reverse  slopes  of  hills  in  order  to  protect  tnem  as  far  as  possible 
from  artillery  fire,  and  statements  have  been  made  that  100  yards  in 
front  is  sufficient  field  of  fire,  since  obstacles,  rifie,  machine-gun,  and 
artillery  fire  can  check  an  enemy  in  that  distance.     Reverse  slope 

Sositions  have  been  advocated  by  a  few  authorities  for  some  years, 
'hey  tend  to  confine  their  occupants  to  the  defensive,  permit  the 
enemy  to  approach  the  covering  crest  with  little  loss,  and  afford  but 
a  restricted  field  of  fire.  The  statement.  *'  The  sitins  of  trenches  so 
that  they  are  not  under  artillery  observation  is  of  prime  Importance, 
and  an  extensive  field  of  fire  is  a  secondary  consideration,"  should  be 
accepted  with  some  hesitation,  because  t^e  moment  a  restricted  field 
permits  an  enemy  to  approach  within  one  or  two  hundred  yards  that 
position  is  no  longer  concealed.  Bxperience  has  shown  that  sensible 
losses  from  infantry  fire  are  incurred  at  distances  as  great  as  2,000 
yards,  and  that  at  1,000  yards  this  fire  may  attain  tremendous  power. 
The  choice  between  a  site  in  front  and  one  in  rear  of  a  crest  is  infiu- 
enced  by  local  conditions  governing  the  effectiveness  of  our  own  and 
the  enemy's  fire  and  upon  the  relations  obtainable  among  the  various 
elements  of  the  defense.  In  general  the  best  location  for  effective  fire 
trenches  lies  between  the  military  crest  of  rising  ground  and  the 
lowest  line  from  which  the  foreground  is  visible.  If  the  position  at 
the  crest  is  conspicuous,  it  is  inadvisable.  Positions  forward  of  the 
crest  sacrifice  command  and  limit  distant  view,  but  are  less  exposed 
to  hostile  fire.  The  chief  disadvantage  of  a  position  forward  of  the 
crest  is  the  difficulty  of  comxnunication  and  withdrawal.  The  loca- 
tion of  rifie  trenches  is  to-day,  just  as  much  as  ever,  a  matter  of 
compromise  to  be  determined  by  sound  judgment  on  the  part  of  the 
ren>onsible  officers. 

100.  General  description  of  an  intrenclied  sone. — ^The 
"  first  intrenched  zone  **  includes  the  foremost  firing  trenches  and  the 
cover,  support,  intermediate,  and  reserve  trenches.  An  obstacle,  con- 
tinuous except  for  narrow  passages  for  patrols,  is  in  front  of  the 
firing,  support,  intermediate,  and  reserve  trenches  and  between  strong 
and  supporting  points  and  approaches.     (See  figs.  1  and  2.) 

The  front  line  consists  usually  of  two  parts,  the  firing  trench  and 
the  cover  and  communioating  trenclb 
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101.  The  llringr  trencli  (figs.  116  and  117)  may  either  be  a 
eontbiuous  trench  of  irregular  or  indented  trace,  with  traverses 
at  suitable  intervals  to  give  protection  from  enfilade  fire  and  to  loeal- 
lae  the  effect  of  shell  bursts  (fig.  114),  or  it  may  consist  of  firing  bays, 
T  shaped  or  L  shaped  in  plan,  jutting  forward  from  th6  cover  or 
communicating  trench  (fig.  115). 

102.  The  support  trenclies  accommodate  the  support  to  the 
sarrison  of  the  firing  and  cover  trenches,  the  support  being  ready 
for  immediate  reenforcement  of  the  garrison.  They  are  provided 
with  numerous  shelters.  The  cover  trenches  have  numerous  small 
Shelters  and  furnish  cover  to  the  bulk  of  the  garrison  of  the  firing 
trench  when  temporarily  withdrawn  during  a  bombardment,  or  for 
rest  during  the  daylight  hours,  when  there  is  not  much  danger  of 
an  attack  by  the  enemy.  The  support  trenches  are  usually  continu- 
ous in  cuch  supporting  point  (figs,  118  and  119)  and  should  be  a 
second  line  of  resistance,  protected  in  front  bv  an  obstacle,  arranged 
so  as  not  to  interfere  with  the  rapid  reenforcement  of  the  firing 
trench.  They  should  be  connected  with  adjacent  supporting  points 
by  conimnnleatlngr  trencIieB.  To  escape  artillery  fire  directed 
on  the  front  trenches  the  support  trenches  should  be  not  les9  than  50 

?UTda  to  the  rear  and  preferably  about  100  to  200  yards.  Support 
renches  are  connected  with  the  front  line  by  frequent  approach 
trenches.  Cover,  support,  intermediate,  communicating,  and  reserve 
trenches  may  be  prepared  for  firing  at  certain  points  for  use  in  case 
the  enemy  breaks  the  front  line  and  makes  a  fiank  attack. 

103.  Behind  the  support  trenches,  and  also  connected  with  them 
by  approach  trenches,  lie  the  reserve  trendies,  which  may  consist 
of  a  line  of  trenches  and  of  bombproofs,  or  cave  shelters,  often  formed 
by  Improving  the  cover  of  some  natural  feature.  The  reserve  trenches 
and  shelters  are  to  accommodate  the  battalion  reserve  whose  function 
is  to  make  the  local  counter  attack.  The  reserve  line  may  be  400  to 
600  yards  in  rear  of  the  front  line. 

104.  The  intrenched  zone  may  also  include  local  trenclies,  such 
as  the  bombing  trench  dug  behind  the  firing  trench  within  easy 
grenade  throwing  distance  of  It,  its  purpose  being  to  drive  out  by 
grenades  an  enemy  who  may  have  captured  the  front  line.  A  slit 
trencli  is  a  very  narrow  trench  dug  off  the  communicating  trenches 
for  the  accommodation  of  men  during  a  bombardment ;  slit  trenches 
are  1  or  2  feet  wide  and  7  feet  deep. 

105.  An  intrenched  zone  is  also  usually  provided  with  a  series  of 
works  somewhat  like  redoubts  prenared  for  all-round  defense  and 
surrounded  with  a  continuous  obstacle.  Their  obiect  is  to  break  up  a 
hostile  attack  that  has  penetrated  the  front  line  and  prevent  its 
further  development  and  thus  facilitate  counterattack.  They  must 
come  as  a  surprise  to  the  enemy  and  should  be  concealed  as  much  as 
possible.  The  number  on  a  given  front  will  depend  on  the  facilities 
offered  by  the  ground  for  their  concealment.  The  garrison  must 
hold  out  to  the  last  whatever  happens  to  the  rest  of  the  line.  Adja- 
cent works  of  this  kind  should,  if  possible,  afford  mutual  support  to 
one  another. 

106.  Approach  trenches  lead  to  the  first  intrenched  zone  from 
points  on  roads  that  can  be  reached  without  too  much  exposure  to 
view. 

Commnnteatlnff  trenches  and  approach  trenches  have  the 
usual  zigzag  trace  to  limit  the  effect  of  enfilade  fire.  They  are  also 
arranged  to  be  used  as  defensive  trenches  and  to  serve  as  starting 
points  for  counterattacks  in  case  the  first  line  trenches  have  been 
temporarily  lost.  They  have  a  firing  banquette  at  Intervals  from 
which  a  flank  fire  can  be  brought  to  bear  upon  the  enemy  if  he  en- 
deavors to  pass  over  the  open  ground  in  rear  of  the  first  line  of 
firing  trenches.  At  intervals  aJong  these  trenches  are  placed  sup- 
plies of  obstacles  to  be  quickly  pulled  into  the  trench  to  obstruct  the 
advance  of  an  enemy  by  this  route.  At  intervals  sortie  steps  are 
"to  permit  the  defenders  to  debouch  and  launch  a  counterattack. 
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A  further  defensive  feature  is  the  occasional  elevated  platform  across 
the  trench  at  an  angle,  where  one  or  two  men  with  hand  grenades  can 
conveniently  oppose  an  advance  along  the  trench. 

Latrines  are  provided  in  all  trenches  and  must  be  in  positions 
easy  of  access  and  protected  from  fire.  They  are  usually  made  in 
T  heads  at  the  ends  of  short  trenches  leading  off  from  the  approach, 
communicating,  cover,  or  support  trench. 

107.  Aaaembly  points  are  former-  firing  trenches  which  have 
been  organized  for  a  stay  of  several  days,  or  they  are  short  trench 
elements  dug  especially  to  hold  companies  during  short  stays,  and  in 
which  the  men  can  only  sit  down.  Even  the  latter  should  contain 
water  barrels  and  latrines,  also  a  command  post  sheltered  from  rain 
where  the  captain  can  make  a  light,  open  his  map,  and  confer  with 
his  nlatoon  leaders 

108.  Stronff  points. — In  every  intrenched  zone  there  will  be  a 
certain  number  of  points  whose  loss  or  whose  occupation  by  the  enemy 
will  endanger  seriously  the  rest  of  the  line  or  weaken  the  defender's 
hold  upon  it.  Other  points  particularly  favorable  for  defense  will 
also  occur.  Such  points  should  receive  special  treatment  so  as  to 
develop  to  the  utmost  their  capabilities  for  defense,  and  to  enable 
the  troops  to  hold  them  even  after  the  neighboring  portions  of  the 
line  have  been  lost. 

If  the  intervals  between  these  points  are  great  there  should  be  small 
intermediate  works.  These  works  should  be  clearly  designed  to 
offer  a  protracted  resistance,  unsupported  if  necessary,  to  hostile 
attacks  from  any  direction,  flank  and  rear  as  well  as  front. 

The  importance  of  the  point  to  be  strengthened,  its  position,  and 
its  nature  generally  determine  the  area  to  be  inclosed.  A  large  de- 
fended work  offers  a  less  concentrated  target  to  hostile  guns,  and  is 
therefore  less  vulnerable,  but  it  requires  a  large  garrison.  It  is 
usually  garrisoned  by  a  battalion  or  regiment,  and  is  then  called  a 
snpportlniT  point. 

The  small  intermediate  works  above  referred  to  are  generally  ar- 
ranged for  an  all-round  defense.  Such  a  work  is  designed  to  be  held  by 
a  company  or  a  half  company,  and  is  also  called  a  atronv  point. 
This  type  of  work  should  be  carefully  concealed  and  strongly  con- 
structed, or  it  will  become  a  shell  trap.  Good  bomb-proof  cover  for 
the  garrison  should  be  provided  within  the  work.  The  garrison 
should  be  kept  small  and  the  defense  provided  by  machine  guns  to  as 
j;reat  an  extent  as  possible. 

109.  The  larger  snpportins  points  (figs.  118  and  119)  are 
"better  defended  by  a  system  of  trenches  covering  a  more  extended 
area.  The  edges  of  such  a  center  should  be  provided  with  defenses 
against  attacks  from  any  direction,  these  defenses  consisting  either 
of  a  continuous  firing  trench  or  of  isolated  lengths  of  firing  trench 
covering  every  possible  line  of  approach  and  connected  with  one 
another  and  with  the  works  in  the  interior  of  the  locality  by  com- 
municating and  approach  trenches.  Small,  strong  points  such  as  are 
described  above  might  well  form  an  element  of  the  defenses  of  the 
larger  supporting  point.  Within  the  defended  perimeter  should  be 
shelters  for  the  garrison  and  a  series  of  cover,  support,  and  reserve 
trenches,  and  communicating  and  approach  trenches,  many  of  them 
prepared  for  firing. 

In  this  way  the  interior  is  cut  up  into  compartments,  and  the 
scheme  of  defense  is  so  organized  that  even  if  the  enemy  succeeds  in 
establishing  himself  at  some  point  in  the  perimeter,  an  unbroken 
front  can  still  be  presented  to  him  and  the  defender's  hold  on  the 
locality  is  practically  undisturbed. 

110.  Machine  vnnn  play  an  important  part  in  the  defense,  and 
alternative  emplacements  should  be  numerous.  The  siting  or  the 
emplacements  (fig.  120)  should  be  verv  carefully  consideced  so  as  to 
disperse  the  guns  laterally  and  in  depth,  and  will  largely  govern  the 
general  design  of  the  defenses.     A  supporting  point  should  not  offer 

concentrated  artillery   target,   and   its  reduction  by   bombardment 
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The  commanders  of  sectors  do  not  count  on  holding  their  firing 
trenches  In  ease  of  violent  attack,  but  always  have  arrangements  made 
in  every  detail  for  a  counterattack.  If  the  counterattack  fails,  the 
final  resistance  is  made  in  the  strong  points  that  form. the  reserve 
trenches  of  the  supporting  point.  Supporting  points  have  been  usually 
the  cause  of  failure  of  attacks  on  intrenched  lines  In  the  present  war. 
They  are  considered  absolutely  essential. 

114.  In  the  sketches  illustrating  supporting  points  the  features  to 
be  esDeclallv  noted  are  * 

Two  companies  in  the  firing  line,  one  in  support,  and  one  in  reserve. 
Double  line  of  trenches  in  front  line;  double  line  of  trenches  in  sup- 

§ort ;  communicating  and  cover  trenches  behind  the  firing  trenches  of 
rst  line,  support  lines,  and  in  strong  points,  two  distinct  lines  of 
wire  entanglement , in  front  of  first  line;  the  whole  supporting  point 
divided  into  two  longitudinal  sections,  each  protected  in  fiank  by 
wire ;  each  longitudinal  section  divided  transversely  into  three  parts,, 
viz,  the  firing  trenches,  the  support  trenches,  and  the  reserve  trenches, 
each  in  turn  completely  surrounded  by  wire  and  each  protected  with 
trenches  arranged  for  firing  faced  to  the  rear  as  well  as  to  the  front 
and  fianks ;  passages  through  the  wire  of  the  first  line  made  continu- 
ous  through  the  two  lines,  but  always  in  the  reentrants. 

Listening  posts  in  front  of  each  firing  trench  of  the  first  line,, 
placed  between  the  two  systems  of  wire. 

Machine  guns  of  the  first  line  in  reentrants.  Those  on  the  flanka 
to  sweep  the  Intervals  between  this  center  of  resistance  and  those 
adjacent  to  it. 

Communicating  and  approach  trenches  provided  with  firing  para- 
pets, mostly  facing  outward  toward  the  wire  of  each  section  of  the 
supporting  point. 

115.  Thr^  companies  in  the  firing  line,  each  with  one-half  in  sup* 
port ;  one  company  in  reserve. 

Wire  surrounds  at  least  two  distinct  portions  of  each  company 
front. 

Wire  protects  the  .two  flanks  of  each  communicating  trench. 

Wire  divides  the  supporting  point  into  three  distinct  portions. 

Passages  through  the  wire  In  the  front  line  are  all  in  tne  reentrants. 

The  suporting  point  is  prepared  for  all-round  defense. 

The  emplacements  for  the  machine  guns  of  the  front  line  are  in 
reentrants  to  sweep  the  front  of  the  wire. 

The  communicating  and  approach  trenches  are  arranged  for  firing 
throughout  a  large  portion  of  their  length. 

Communicating  and  cover  trenches  extend  behind  nearly  all  of  the 
firing  trenches. 

The  railroad  cut  and  fill  are  not  prepared  for  defense,  because  for 
one  reason  they  are  too  well  located  on  the  general  map  in  possession 
of  the  enemy. 

ll&J.  Arrangements  must  be  made  for  reconnaissance  parties  and 
for  attacking  columns  to  debouch  conveniently  through  openings  in 
the  line  of  defense  protected  by  movable  obstacles.  These  openings 
must  be  under  the  fire  of  the  support  trenches. 

Support  trenches  are  from  100  to  200  yards  in  rear  of  the  front-line 
defenses.  They  are  not  continuous  as  a  rule.  Their  purpose  is  to 
limit  the  retreat  of  a  fraction  which  may  have  been  thrust  back  tem- 
porarily from  the  front  line  and  to  give  time ,  for  the  reserves  to 
arrive  and  counterattack. 

116.  Farther  to  the  rear  is  a  line  of  strong  points  garrisoned  by 
local  reserves  supporting  the  firing  trenches  and  the  support  trenches* 
and  sweeping  with  Its  fire  all  the  ground  in  rear  of  the  forward 
lines.  These  strong  points  are  less  numerous  and  less  developed 
than  those  forward  and  are  surrounded  by  obstacles.  The  intervals 
between  strong  points  are  filled  with  obstacles  arranged  to  allow 
pasfiSLRea  for  the  debouching  of  troops  in  reserve  when  used  in  counter 
attacks ;  these  counter  attacks  may  be  made  by  the  garrison  of  the 
reserve  trenches  of  a  battalion  supporting  point  or  by  the  regiment^' 
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reserves;  the  passitges  are  properly  cohered  by  fire.  Aboat  half  the 
crests  are  furnished  with  loopholes,  and  the  other  half  with  un- 
covered parapets,  which  permit,  at  the  moment  of  assault,  the  most 
rapid  fire.  Machine  guns  and  light  artillery  may  also  be  used  advan- 
tageously when  available.  It  is  important  to  direct  the  axis  of  the 
loopholes  so  that  there  is  no  danger  of  firing  into  the  adjacent  sup- 
porting or  strong  points. 

The  reason  for  breaking  a  front  or  Indenting  a  line  to  provide 
flanking  fire,  is  that  a  rifleman  fires  ordinarily  at  right  angles  to  the 
crest  of  his  trench  or  not  more  than  30°  on  each  side  of  such  direc- 
tion. Do  not  count  too  much  on  oblique  fire,  especially  to  the  right 
-oblique,  as  the  latter  requires  a  displacement  of  the  usual  position  of 
the  soldier. 

117.  Intrenclied  sones  In  ve»r  of  tl&e  first  aoae* — ^These 
may  consist  of  an  intrenched  zone  2  to  3  miles  in  rear  of  the  first 
zone,  usually  behind  a  protecting  ridge  or  crest,  and  connected  with 
the  first  zone  by  artificial  or  natural  communications  that  furnish 
fairly  good  concealment  from  the  enemy's  view  and  artillery.  A 
more  elaborate  defense  may  cover  a  zone  in  rear  4  to  5  miles 
deep,  in  which  evei*y  point  of  tactical  importance  is  fortified  by  sup- 
porting points  as  already  described.  Troops  occupying  these  points 
can  breaJc  up  the  attack  of  a  hostile  force  that  may  have  penetrated 
the  front  system,  delay  the  further  advance,  tind  facilitate  counter- 
attack. They  also  furnish  a  framework  on  which,  by  digging  trenches 
connecting  the  supporting  points,  a  new  line  can  be  quickly  con- 
structed to  hold  against  vigorous  attack. 

One  or  more  similar  zones  may  be  constructed  farther  to  the  rear. 

118.  Flanks. — If  the  flanks  of  an  intrenched  position  do  not  rest 
on  impassable  obstacles  they  may  be  turned  by  an  active  enemy,  unless 
special  defensive  arrangements  are  made.  The  best  method  Is  to 
refuse  the  flanks  gradually  by  trenches  in  echelon  until  some  sup- 
porting point  is  reached.  The  flanking  trenches  should  not  be  turned 
obliquely  to  the  main  front,  as  this  exposes  them  to  enfilade  and 
does  not  seriously  increase  the  circuit  of  a  turning  movement. 

119.  Trace. — A  common  tendency  is  to  make  the  trace  too  straight. 
An  irregular  line  with  frequent  salients  and  reentrants  gives  greater 
facilities  for  concentration  of  fire  over  any  desired  area  and  for  the 
most  effective  employment  of  machine  guns.  Such  a  trace  will  expose 
short  lengths  of  trench  to  enfilade  fire,  but  the  effect  can  be  reduced 
by  proper  traverses.  The  enemy's  line  will  also  be  in  salients  and 
reentrants  and  will  be  equally  exposed  to  enfilade  from  our  side. 

Minor  irregularity  of  trace  is  essential  and  should  alwajus  be  ob- 
tained. The  creation  of  large  salients  to  include  an  important  tac- 
tical point  will  depend  upon  the  following  important  conditions : 

.  (a)   Whether  the  possession  of  the  point  in  question  by  us   will 
facilitate  future  offensive  action  without  unduly  weakening  our  line. 

(b)  Whether  its  possession  by  the  enemy  will  seriously  threaten 
the  security  of  our  trenches. 

The  permissible  traces  for  communicating  and  approach  trenches 
are  the  indented  line,  easy  to  dispute  in  case  of  attack,  and  the  zig- 
zag, which  given  better  defilade.  The  litters  evacuating  wound^ 
move  more  readily  in  the  latter  trace. 

The  best  type  is  the  winding  one,  but  the  curves  must  be  suflS- 
cientiy  pronounced  to  give  real  protection  against  enfilade  fire.  If 
traverses  are  used  In  communicating  and  approach  trenches  the  best 
kind  is  the  island  traverse  with  the  trench  going  round  it  on  both 
sides. 

120.  Concealment. — Aerial  reconnaissance  makes  concealment  of 
a  position  impossible,  but  isolated  works  and  gun  emplacements  can 
be  hidden  and  trenches  in  woods  may  escape  observation  If  clearing 

overdone.     Airplane  photographs   show  clearly   every   trench 

verse  in  open  country,  and  even  wire  entanglements.     Never- 

»very  effort  should  be  made  to  make  the  work  inconspicuous, 

7Q  the  observers  by  dummy  trenches,  to  avoid  paths  or  tracks 


that  call  attentloii  to  works  othenHse  well  hidden,  and  to  avoid  the 
construction  of  fresh  trenches  immediately  before  an  attack  which 
would  reveal  the  fact  that  an  attack  was  intended.  Work  done  on 
buildings  themselves  Is  easily  concealed  from  air  observers,  but  the 
existence  of  trenches  around  or  leading  to  a  building  gives  a  clear 
indication  of  its  occupation. 

121.  Bwfldlnvs. — Substantia]  buildings  found  dose  to  the  line 
of  defense  may  be  demolished  or  they  may  be  occupied.  The  deci- 
sion depends  generally  on  two  points,  whether  they  have*  cellars  which 
can  be  improved  into  good  cover  and  whether  ft  is  possible  to  de- 
molish them.  Buildings  draw  artillery  fire  and  unless  good  cover 
can  be  constructed  in  connection  with  them  they  are  nothing  but 
shell  traps.  Solid  blocks  of  buildings  with  cellars  can  be  made  into 
good  cover  as  a  rule  and  had  better  be  occupied.  A  building  without 
cellars  may  be  left  out  of  the  line  if  It  can  be  so  etfectlvely  demol- 
ished as  to  afford  no  cover  to  the  enemy. 

122.  "Woods. — A  position  from  30  to  50  yards  inside  the  edge  of  the 
wood  will  afford  concealment  from  observation  and  accurate  artillery 
fire  and  will  deny  the  edge  of  the  wood  to  the  enemy.  The  front 
edge  should  under  no  circumstances  be  occupied  as  it  furnishes  an 
excellent  range  mark  for  the  hostile  artillery. 

If  a  wood  has  to  be  left  unoccupied  in  the  immediate  front  of  an 
Intrenched  line  special  arrangements  must  be  made  for  the  concen- 
tration of  fire  on  the  near  edge  of  the  wood  and  on  the  ground 
between  it  and  the  front  trench. 

123.  BXBGUTION  OF  FIKLDWORKS. — nTraelnv  is  the  opera- 
tion of  marking  on  the  ground  the  lines  which  determine  the  horizon- 
tal limits  of  cutting  and  embankment.  Proflllny  is  the  operation  of 
indicating  the  actual  positions  of  such  lines  and  slopes  as  are  neces- 
sary to  determine  the  proper  sectional  dimensions  of  trench,  ditch, 
and  parapet. 

TraclBiT  and  prollllnir  are  not  independent  operations.  The  trace 
depends  upon  the  profile  and  the  profile  upon  tne  trace.  They  will 
be  considered  together  under  one  title.  For  shelter  trenches  the 
profile  Is  standardized,  and  the  proper  parapet  results  from  the  exca- 
vation of  the  necessary  trench.  The  trace  may  be  roughly  deter- 
mined as  circumstances  permit.  The  alignment  of  a  line  of  skir- 
mishers will  do,  if  nothing  better  is  possible.  Heavy  works  will  not 
often  be  built  under  fire,  but  If  they  are,  the  same  rules  must  govern. 
For  such  works,  executed  deliberately,  the  following  plan  may  be 
follo'wed  * 

(1)  (a)  Establish  the  trace.  Place*  the  eye  at  the  level  of  the 
interior  crest. 

1%)  Mark  out  the  trace  with  stones  or  stakes, 
o)  Mark  out  the  points  of  change  of  direction  (maximum  120**). 
id)  Mark  the  position  of  each  traverse  after  each  squad  of  6  or 
8  men  (minimum  thickness  of  traverse  2  yards). 

(2)  Place  the  men  with  their  nrmm  and  tool*  by  such  steps  as  the 
tactical  conditions  of  the  moment  demand. 

(3)  Place  the  packs  ana  rifies  on  the  rear  side,  the  rifle  within 
reach. 

(4)  Mark  out  the  tasks  in  width  and  length  by  means  of  a  mark 
made  on  the  ground  with  a  pick.  Mark  out  the  traverses  to  be 
made. 

(6)  Strip  the  grass  from  the  width  of  the  excavation.  Make  rap- 
idly with  these  fragments  of  earth  and  grass  a  mask  or  small 
farapet,  with  steep  slope  on  the  side  of  the  workers ;  raise  it  to 
6  inches.  (The  piling  up  of  earth  on  it  will  reduce  it  later  to 
1  foot.) 

(6)  Dig  as  nearly  vertically  as  practicable.  The  slope  should 
not  exceed  10/1,  except  around  the  traverses,  where .  it  may  be 
reduced  to  15/1  or  20/1.  As  soon  as  the  parapet  affords  sufficient 
protection,  the  workers,  designated  beforehand,  make  the  traverses. 
They  are  commenced  at  the  two  ends. 
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of  the  regiment.     In-  cases  of  transfer,  formal  invoices  and  receipts 
should  be  used. 

When  in  the  engineer  train,  intrenehing-tool  wagons  and  outfits  are 
not  reserved  for  the  particular  regiments  to  which  they  pertained 
prior  to  transfer  to  the  train,  bat  are  to  be  assigned  as  circumstances 
require.  Sometimes  several  outfits  may  be  profitably  utilized  by  a 
single  regiment. 

126.  'W^rklms  paortle*  should  be  made  op,  so  far  as  possible,  of 
entire  organizations.  A  battalion  should  be  ordered  to  send  one.  two, 
or  three  companies ;  a  regiment,  one  or  two  battalions ;  and  a  brigade, 
one  or  more  regiments. 

The  party  is  divided  into  two  or  more  rellefii*  and  here  also  the 
principle  of  keeping  organizations  intact  applies.  If  a  regiment  is  to 
be  used  in  three  relieis,  each  should  consist  of  an  entire  battalion. 
This  should  be  adhered  to  even  If  it  malses  reliefs  of  somewhat  un- 
equal strength.  The  total  number  of  privates  should  be  one-sixth 
more  than  the  number  of  men  that  are  to  be  worked  simultaneously. 

lielieffli  are  rei;«lated  by  work  rather  than  by  time.  The  amount 
of  work  to  be  done  by  each  relief  must  be  plainly  Indiaated  and  the 
officers  and  noncommissioned  officers  of  each  organization  are  re- 
sponsible that  their  men  do  the  quantity  of  work  assigne<l  to  them. 
Ab  soon  9B  any  organization  has  accomplished  its  work  it  should  be 
d  ism  i  ssed_ 

127.  To  place  a  relief  on  tl&e  work*  the  organizations  comprising 
it  approach  the  tools  in  column  of  files,  rlfies  slung,  pass  between  the 
piles  of  tools,  shovels  on  the  right  and  picks  on  the  left.  Engineer 
soldiers  at  each  pile  hand  tools  to  the  men  as  they  pass,  each  man 
tnking  a  shovel  in  his  right  hand  or  a  pick  in  his  left.  The  corporal 
or  squad  leader  places  himself  alongside  the  rear  file  of  his  squad  and 
one  of  them  takes  a  pick  and  the  other  a  shovel.  In  soft  ground,  one 
pick  to  two  shovels  should  be  furnished ;  in  hard  ground,  one  pick 
to  one  shovel.  , 

Proceeding  in  suitable  formation  to  one  flank  ot  the  line  and  ap- 
proaching it  in  colunm  of  files,  the  head  of  the  column  parallel  to  and 
about  d  yards  in  rear  of  the  rear  cutting  line,  the  column  forms  in 
line  to  the  flank  at  5-foot  intervals,  the  corporal  and  the  rear  file  of 
each  squad  falling  out  and  taking  post  in  rear  of  the  squad.  The 
interval  is  most  conveniently  maintained  by  having  the  men  extend 
the  arms  horizontally  and  touch  hands.  Bach  organization  is  assigned 
to  a  particular  part  of  the  line  and  goes  to  it  and  deploys  independ- 
ently of  the  rest.  If  the  line  is  long,  guides  should  be  furnished  to 
direct  the  head  of  each  column  to  the  point  where  its  d^loyment  la 
to  begin.     At  nisht  snides  mast  al^vays  be  famished* 

As  the  men  are  posted*  each  lays  his  shovel  5  feet  behind  the  cut- 
ting line,  parallel  to  it,  and  drives  bis  pick  into  the  ground  on  the 
line  at  the  left  side  of  his  task.  Rifles  and  equipment  are  removed 
and  placed  three  paces  in  the  rear,  butts  of  guns  to  the  front.  The 
corporal  or  squad  leader  and  the  last  file  of  the  squad  take  their 
places  in  rear  of  their  respective  squads  and  place  their  equipments  in 
the  line  with  the  rest.  The  corporal  acts  as  superintendent  of  foreman 
of  the  squad  during  the  work,  and  No.  8  is  a  reserve,  to  be  put  in 
when  necessary  to  expedite  the  work  of  the  squad  or  to  take  the 
place  of  a  man  who  is  obliged  to  fall  out  for  any  cause. 

128.  Tasks. — ^The  eapaclty  of  the  averase  nntralneA  aoian  for 
continuous  digging  does  not  much  exceed  80  cubic  feet  for  easv  soih 
60  cubic  feet  for  medium,  and  40  cubic  feet  for  hard  soil.  He  will 
do  three-eighths  of  this  In  the  first  hour  and  five-eighths  in  the  first 
two  hours,  and  the  other  three-eighths  in  another  two  hours,  making 
an  hourly  average  of  five-sixteenths  of  the  task  for  the  first  and  three- 
sixteenths  for  the  second  two  hours.  In  addition  to  the  fact  that  he 
works  but  a  little  over  half  as  fast  In  the  second  two  hours,  four 
hours*  work  will  leave  him  unfit  for  fighting  or  marching,  while  after 
two  hours'  work  he  should  be  able  to  do  either.  The  quantity  of  work 
assigned  to  each  relief  should  be  that  which  can  probably  be  done  in 
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two  hoDra,  add  tb«  rclltf  li  rcqnlml  ti 
It  tikn  ](■■  or  more  time.  For  "" 
looee  BiMl  tb»  lift  la  Inn,  ho  tba  „      .    „  

Sveii  to  tha-flrit  reltel  thaa  to  tba  aecond.    uaomlptc  men  at 
tervila  eod   oeRlectlDit  fnctlonl,   the  miiBb«ri>(  noara'   woi 


bv  cODdltloaa  affecting  tl 

,  I,  cliBnirler  ot  the  work,  oad  the  wnL 

IlrglD  work  oj  dlgylDK  downw&rd  eo  u  to  cover  oneself  from  tbt 
front  >■  rapidly  aa  poaslbje.  Commence  tbe  parapet  In  sach  a  mj 
Bi  (0  mBki>  rapidly  a  maali  nlth  a  ateep  alt^  oa  tbe  Mde  ot  tbt 
worktim,  Work  unoar  Ore  la  dooe  at  nlgbt.  Tbe  men  mnat  keep  abso- 
luir  allrnr?,  He  down  Immedlatflr  on  the  sround  when  rockets  sppcai, 
■Bit  miiiiiiii  their  work  wbpn  tbe  ItHbt  has  diaapmaied. 

*~l«   m*»K»- — When   men   kre   pleat;,    UmiIh    scarce,   or 

..         .  a  talk  ma*  be  completed  In  about  tvo-tblrde  of  tbe  ordl- 

Darr  time  by  detallInK  Ivo  men  at  eacb  aet  of  tools.  In  tbla  caae  tbt 
orsanlEalloni  march  to  the  tool*  In  colnmns  ot  two*,  the  rlKbt  flle  tak- 
ing abovrla  anil  tbe  left  llle  picks.  The  two  gaoga  change  ot  At  trr- 
qui>nt  Intervale  and  the  men  work  a«  rapldlT  aa  poBetble. 

l:(l.  BhaplaB  botlom  of  tpeuofeen.— The  dtgser  left  to  Mb  avjt 
devlcea  will  make  the  bottDio  of  the  coiDmanlcatlng  trench  eancaT«: 
tbe  mud  will  tbea  HfttlK  Id  the  center,  which  the  men-a  feet  wUl  aoftn 
and  padualty  wear  down.  When  the  (rench  la  cleaned  the  mud  will 
be  tAen  nut  In  a  m'rlPK  nf  holex  along  the  center,  making  walklne 
Terr  dinicull.  Thla  la  a  detail  that  ehoald  be  Indated  oa  when  work  Is 
going  at  a  high  rate  In  (he  tint  line  and  a  Bblft  of  workers  la  on  ever; 
night.  It  ha*  bpcn  reported  that  more  men  are  Injured  by  Bpraliu 
than  by  hanil  grrnaOea  and  boniba,  and  a  apraln  laya  a  man  np  for  ■ 
month.  The  boltnm  of  the  trench  should  therefore  be  made  i^nm 
or  rounded  npward  juat  like  tbe  cross  sei'tlon  of  a  good  road.  No 
olbpr  torm  should  be  allowed. 

1H2.  Htalri  or  alvps  from  tbe  bottom  of  communicating  tretiches 
to  the  ground  level  are  Important  at  all  croaalnga  where  posalble  .and 
briilgea  over  lateral  trencbt-a  will  furnish  practically  a  roadway  parallel 
to  the  main  communlealing  trenrlii-s  (or  nxe  at  night  or  during  on  Id- 
termlHHlon  In  the  artillery  boniliardmenls. 

138.  OomatrnollAB  null**  Are. — The  ttrat  object  la  to  get   some 


men  start  to  dig  pita  for  tbeniaelveB  1u"t  where  they  are  stopped  bj- 
tbe  enemy's  flre.  As  soon  as  may  be  IbeBe  pits  are  then  Joined  to  form 
.a  continuous  llHns  trench.  This  trench  may  form  the  nltimate  fmnt 
Bring  trench  and  the  cover  trench  be  cutisequentty  dun  bi 


ftont  by  puablng  forward  at  Intervale,  The  questlan  of  proper  trav- 
-ersea  For  the  final  trench  should  be  considered  In  the  spacing  of  tbe 
flrat  eonatracted  pits  and  In  Jotnlni;  them  up  to  form  a  trench.  It  is 
desirable  to  have  traveraea  formed  out  of  tbe  original  undisturbed 

o  the  front  to  form 
Indlrldnal  Dring  ptti  will  be  begun  by  tbe 


at  diKgli'ii  ibr  indlTtdnal  Dring  ptti  will  be  begun 

■M  RD*'''"'','  '""!>  their  Intrencbmr  tools.    Troops 

'li'i'il  In  digging  themselVea  to  by  night 

I'  hiola  should 

ilhu'fo&''in' 


y  pick  and  shovel  available. 


shODld  he  cnpplenunttd  ai 
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It  mity  be  necessary  to  wait  until  dark  before  a  large  number  of 
tools  can  be  brought  up  and  serious  work  attempted*  but  it  is  some- 
tintes  possible  under  the  covering  fire  of  artUlerj  to  dig  a  continuous 
trench  by  day.  In  any  case  every  effort  must  be  made  to  get  good 
trenches  dug  as  soon  as  possible  and  one  of  the  first  things  to  do  is  to 
set  some  wire  entanglement  in  front  of  the  trench,  as  this  gives  a 
-feeling  of  security  to  the  workers. 

During  the  first  day  or  two  the  new  line  will  be  bombarded  heavily 
and  probably  counterattacked.  If  the  front  tcemch  is  constructed  in 
the  first  instance  very  close  to  the  enemy's  line  it  is  particularly 
vulnerable  to  counterattack,  and  if  the  enemy  succeeds  in  breaking 
through  the  line  at  a  time  when  there  are  no  defenses  prepared 
behind  it  he  may  force  a  retirement  on  a  large  front.  The  con- 
struction of  support  tceacbes  100  to  200  yards  in  rear  of  the  front 
line  and  of  reserve  trenches  should  therefore  be  proceeded  with 
simultaneously. 

134.  At  nftsl&t. — If  the  offensive  open  attack  has  to  be  ^ven  up 
temporarily  and  the  enemy  is  found  in  a  prepared  fortified  line  a 
more  gradual  and  concealed  method  of  approach  has  to  be  adopted. 
A  line  of  trenches  is  constructed  in  the  first  place  at  quite  a  dis- 
tance, sav  500  to  600  yards  or  even  more,  from  the  enemv's  front 
trench,  the  exact  distance  depending  on  the  ground  and  tne  facili- 
ties for  cover.  This  line  is  made  fairlv  strong  and  complete  before 
any  further  advance  is  attempted.  Then  under  cover  of  darkness 
or  fog  and  perhaps  of  a  heavy  bombardment  of  the  enemy's  front  line 
a  new  trench  is  constructed  at  a  distance  of  200  to  300  yards  from 
the  enemy.  From  this  line  further  advance  is  usually  made  by  sap. 
The  advantage  of  this  method  is  that  before  any  attempt  is  made  to 
dig  a  line  within  easy  reach  of  small  counterattacks,  there  is  a  com- 
pleted line  ready  behind  the  new  line,  to  stop  further  progress  by 
the  enemy  if  the  new  line  is  counterattacked  and  broken. 

135.  Kmplffymeiit  of  engrineeni. — The  numerical  insufficiency 
of  engineers  both  during  the  preparation  of  the  terrain  and  during 
the  combat  has  developed  in  more  than  one  case  during  the  European 
war. 

As  soon  as  the  first  wave  of  the  assault  starts,  engineer  units  <or 
other  troops)  posted  previously  should  connect  the  parallel  of  depar- 
ture with  the  enemy's  first-line  trench.  When  this  part  of  the  terrain 
has  been  crossed  by  approach  trenches  there  will  be  covered  ap- 
proaches right  into  the  enemy  lines.  It  is  not  sufiiclent  to  give 
general  orders  about  this  matter ;  the  attack  order  must  specify 
accurately  that  such  and  such  approach  trenches  wHl  at  once  be 
prolonged  to  the  conquered  trench  so  that  everyone  will  know  in 
advance  and  make  use  of  them  the  first  day.  These  could  well  be 
used  by  artillery  observers  who  must  personally  follow  closely  the 
infantry  attack,  and  then  come  back  through  these  trenches  and 
telephone  Instructions  or  information  to  their  batteries  in  regard 
to  the  points  reached  by  the  infantry. 

SISGBd. 

136.  The  attack  by  regular  approaches  of  a  strongly  fortified  place 
involves  mainly  the  principles  and  devices  previously  discussed,  but 
tbelr  empioyment  is  under  oonditions  so  different  from  those  resulting 
from  the  contact  of  two  mobile  forces  as  to  require  separate  treatment. 
What  fellows  is  not  a  complete  presantation  of  the  subject  of  sieges, 
but  only  of  such  features  as  are  concerned  with  engineering  duties 
on  the  side  of  the  attack. 

The  differences  referred  to  are  principally — 
Ouns  of  heavier  caliber  will  be  encountered. 
The  tenaia  being  well  kaown  to  the  defense,  all  fire  will  be  more 

accurate. 
High-angle  fire  will.be  extensively  employed*  and  angles  of  fall 

of  30"  and  greater  must  be  expected. 
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Borne  trencb  work  must  be  executed  under  dose  fire  and  must 
gain  ground  to  the  front.     A  variation  either  way  from    its 
proper  direction  will  lose  ground  or  else  expose  the  trencli  to 
enfilade,  so  that  accurate  tracing  is  of  great  Importance. 
At  the  same  time  these  conditions  of  sieges  are  more  alike  in  differ- 
ent times  and  places  than  those  of  operations  with  mobile  forces,  and 
the  best  ways  of  doing  some  things  can  be  stated  for  sieges  with  more 
confidence  than  in  the  case  of  ordinary  fleldworks: 

137.  The  Urnt  atep  toward  the  reduction  of  a  fortress  is  to  cut 
off  communication  of  the  occupants  with  the  outside  world.  This  is 
done  by  a  rapid  movement  or  a  relatively  small  force  followed  by 
reinforcements  sul&cient  to  hold  a  line  entirely  around  the  place  ana 
beyond  the  range  of  Its  artillery,  say.  2i  to  3  miles  from  its  main 
lines  of  defense.  This  line  is  called  the  line  of  Inveatment,  and 
the  belt  of  territory  immediately  outside  of  It  occupied  by  the  invest- 
ing  force  is  called  the  sone  of  Investment.  Whether  this  line 
must  be  occupied  continuously  will  depend  upon  its  nature.  As  much 
must  be  actually  occupied  or  commanded  as  could  be  used  by  the 
besieged  for  exit  or  entrance.  The  line  of  investment  is  divided  into 
sections,  preferably  so  chosen  that  a  unit  of  command  can  be  assigned 
to  each. 

138.  Troops  asslgrned  to  a  section  of  the  sone  of  investment 
begin  at  once  to  reconnoiter  it  and  put  it  in  the  best  possible  state 
of  defense.  Artlllclal  or  ac^cldental  features  are  prepar«dl 
and  strengthened,  Intrencbments  thrown  up  where  required,  com- 
ninnlcatlons  made  and  improved  through  and  between  sections, 
and  telegrraph  and  telephone  lines  established  around  the  zone 
and  to  headquarters.  Every  means  must  be  utilized  to  gain  knowledge 
of  the  ground  inside  the  zone.  The  time  which  must  elapse  before 
the  siege  material  can  be  brought  up  will  permit  a  great  deal  of  such 
work  to  be  done. 

The  real  attaek  or  systematic  approach  is  pushed  Inward  from  a 
few  points  only  of  the  zone  of  investment,  usually  one  or  two.  The 
side  on  which  these  approaches  are  to  be  made  will  be  determined  by 
the  following  conditions : 

(1)  The  best  communication  with  the  base. 

(2)  The  best  terrain  for  battery  positions  and  approaches  under 
natural  cover. 

(3)  The  most  favorable  ground  for  construction  and  operation  of 
siege  railways. 

(4)  The  easiest  digging. 

(5)  The  most  important  consequences  of  success. 

The  first  condition  will  usually  be  controlling,  unless  one  of  the 
others  is  prohibitory.  If  the  zone  of  Investment  is  favorable  and 
ample  siege  railway  equipment  is  available,  the  attack  may  be  con- 
ducted from  points  somewhat  removed  from  the  main  terminus  of  the 
supply  line. 

139.  The  main  defensive  line  of  an  important  fortress  will 
consist  of  a  series  of  detached  forts.  To  breach  such  a  line  one  fort 
at  least,  more  often  two,  must  be  taken,  and  during  the  operation 
the  fire  of  the  one  on  each  side  must  be  kept  down.  If  two  forts 
are  to  be  reduced,  the  siege  will  consist  of  artillery  work*  against 
four  and  trench  work  against  the  middle  two  of  these. 

When  the  front  of  attack  is  decided  the  main  engineer  park 
is  located,  out  of  reach  of  the  defenders'  artillery,  convenient  to  tbe 
front  selected  and  to  the  main  supply  liDe>  and  connected  with  the 
latter  by  good  comrmunlcatlons.  Here  is  aasembled  all  the  siege 
material  pertaining  to  engineering  operations  as  fast  as  it  arrives, 
to  be  sorted  and  arranged  in  convenient  shape  for  selection  and 
forwarding  to  the  front  as  required. 

Sites  for  the  main  sieve  battevl«a  are*n«st  seleeted<  at  mod- 
erately long  range  from  the  forts,  2,500  to  4,000  yards,  and  for 
*~ Remediate  parks  near  them  to  contain  materials  for  the  «on- 
tion.  repair,  and  supply  of  the  batteries.     Thefte  sites  aie  eon- 
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nected  by  a  belt  railroad  immediately  in  their  rear,  and  the  belt  line 
is  connected  with  the  main  park  at  one  or  more  places. 

140.  Tbe  complete  Inveatlngr  force  must  be  heavily  rein- 
forced, .ordinarily  about  doubled,  before  siege  operations  on  any  con- 
siderable scale  are  undertaken.  The  additional  force  will  be  concen- 
trated along  the  front  of  attack,  mainly  toward  its  center.  This 
and  the  Investing  force  along  the  front  of  operations  are  sometimes 
called  alegre  troops,  and  the  remainder  of  the  Investing  force 
distinguished  as  Investlngr  troops.  The  siege  force  should  consist 
of  Infantry,  engineers,  and  artillery  in  the  proportion  approximate 
of  83  per  cent,  5  per  cent,  and  12  per  cent,  respectively,  with  the 
proper  contingent  of  the  Signal  and  Hospital  Covps  and  supernumer' 
ary  engineers  and  ordnance  officers.  The  total  attacking  force  will 
range  from  2i  to  4  times  the  strength  of  the  garrison. 

141.  Tbe  alesre  artillery  will  probably  be  disposed  In  batteries 
of  4  pieces  or  less,  dispersed  as  much  as  concentration  of  fire  will 

Eermit,  and  sited  when  possible  on  the  reverse  slopes  of  ridges  or 
ills,   or   behind   timber,   and   will   employ   indirect   fire   almost   ez' 
clusively. 

Though  batteries  are  invisible,  the  high-angle  fire  of  the  defense 
will  reach  them,  as  the  enemy's  artillery  will  systematically  search 
all  reverse  slopes  within  range,  and  the  effect  of  shells  must  be  local- 
ized by  artificial  cover.  An  emplacement  for  each  gun  will  be  best. 
A  light  parapet  across  the  front  and  on  the  sides  will  answer.  A  4 
to  1  slope  is  the  most  convenient  Inclination  of  ground.  Figure  122 
shows  a  typical  emplacement  for  such  a  slope.  Ample  bombproof 
cover  for  men  and  reserve  ammunition  should  be  provided,  preferably 
on  the  flanks.  Figure  121  shows  half  plans  of  two  types  used  by 
the  Japanese. 

On  level  grronnd  the  platforms  may  be  laid  on  the  hatural  sur- 
face, the  guns  surrounded  by  a  splinter-proof  wall,  in  which  case 
rooms  of  sufficient  size  may  be  walled  off  between  the  guns  to  form 
service  magazines.  The  floors  of  the  magazines  may  be  depressed 
sufficiently  to  permit  a  weatherproof  room  to  be  thrown  over  the 
ammunition,  below  the  crest  of  the  wall.  The  drainage  of  the  roof 
must  be  intercepted  before  it  runs  into  the  pit. 

142.  First  parallel. — When  the  siege  batteries  have  brought  the 
artillery  fire  of  the  defense  under  control  the  first  attempt  to  gain 
ground  to  the  front  is  made  by  opening  a  trench  generally  parallel 
to  the  line  of  investment  and,  if  possible,  within  l,fOO  yards  of  the 
enemy's  main  line.  During  the  day  the  outposts  are  advanced  to  or 
beyond  the  proposed  line,  to  permit  it  to  be  reconnoitered  and  its 
bearings  noted.  At  night  the  attack  is  pushed  more  strongly  and 
the  enemy  driven  in  as  far  as  possible  for  the  j^eater  safety  of  the 
working  parties. 

Traciner. — As  soon  as  it  is  dark  enough  for  concealment  the 
tracing  is  begun.  Bach  party  consists  of  one  engineer  officer,  one 
noncommissioned  officer,  and  a  private  for  each  50  yards  of  line  to 
be  traced.  The  outfit  consists  of  tracing  tape,  pegs,  mallets,  and 
measuring  rods.  The  tracing  tape  is  of  white  cotton,  50  yards  long, 
3  inch  wide,  and  marked  at  5-foot  intervals  by  weaving  or  printing. 
It  is  provided  with  a  loop  at  each  end  to  attach  to  a  stake  or  to 
another  tape.  The  officer  must  provide  himself  wltn  a  compass  and 
means  of  reading  it  by  artificial  light.  (Reconnaissan<re.)  There 
should  be  a  tracing  party  for  each  800  yards  of  line,  at  least,  and 
more  will  be  better,  as  the  time  spent  in  tracing  Is  lost  for  digging. 
It  will  be  most  advantageous  if  the  tracing  can  be  put  through  dur- 
ing the  twilight,  while  it  is  still  light  enough  to  see  the  ground  and 
read  the  compass,  but  too  dark  for  the  defenders  to  see  the  parties. 
The  parties  are  paraded,  outfitted,  and  moved  up  as  close  as  possible 
before  dark 

The  officer,  provided  with  a  description  of  his  initial  point  and  the 
bearing  or  course  of  the  line  from  it,  proceeds  to  it,  his  party  fo'^ 
Ing   in   single   file.     Having  identified   the   initial   point,   the   '' 
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stations  a  sapper  there,  faces  him  In  the  direction  of  the  line,  and 
».kins  the  end  of  his  tape,  marches  along  the  line  to  be  traced,  fol- 
.owed  by  the  remainder  of  the  party.  When  tiie  tape  Is  nearly  run 
>ut  the  sapper  checks  It,  and,  as  the  end  Is  reached,  sets  a  stake 
t>etween  hU  heels  and  puts  the  loop  of  the  tape  over  It.  The  officer 
stations  the  second  sapper  at  the  front  end  of  the  first  tape,  facing 
Ln  the  direction  of  the  line,  and  proceeds  as  before.  When  the  second 
tape  ia  run  out  the  second  sapper  sets  his  peg  and  puts  tbe  loop  of 
)oth  tapes  over  It.  The  operation  Is  contmued  unm  alt  the  tapes 
Eire  dowiu  The  officer  returns  to  the  rendearous  of  the  working  party 
and  conducts  It  to  the  line.  Each  sapper  lies  down  at  his  peg,  lacing 
the  initial  point,  and  upon  the  arrival  of  the  working  party  assists 
in  the  extension  along  his  tape. 

If  the  fire  of  the  defense  Is  not  sufficiently  under  control,  it  will 
be  necessary  to  have  the  outposts  begin  the  first  parallel  by  digging 
pits,  or  short  lengths,  which  can  afterwards  be  extended  to  a  con- 
nection. 

143.  Ap^pvoaiehea  or  zigzag  trenches  must  be  traced  and  dug  on 
the  same  night  with  the  first  parallel,  connecting  it  with  cover  in  the 
rear.  There  should  be  at  least  three  such  appoMi/6bes-*«t  right,  left, 
and  center. 

The  typical  trace  of  such  an  approach  Is  shown  in  figure  123. 

The  1rr»Beh«a  or  les»  AB,  BC,  etc..  must  have  a  directloii  such  that 

when  prolonged  they  will  pass  outside  of  the  extreme  point  on  the 

corresponding  flank  from  wnieh  th6  defense  can  bring  fire  to  bear.    A 

leg  will  usually  be  not  more  than  100  feet  In  length. 

Tl&e  tracing  of  anpvoAehea  for  slmultaaeoas  digging  differs 
tn  detail  but  little  from  that  of  the  parallel  already  described.  It  Is 
more  difficult  because  the  line  is  broken,  and  greater  accuracy  Is 
required.  Each  tracing  party  is  given  an  entrs.  man  for  each  angle. 
The  tape  is  run  continuously,  and.  as  each  angle  is  passed,  the  extra 
marker  stationed  there  cuts  the  tape  9  feet  from  the  angle  on  the 
hack  course,  makes  the  long  end  fast  to  a  peg  at  the  cut,  and 
stretches  the  short  end  in  prolongation  of  the  forward  course  (fig. 
124)  to  mark  the  direction  of  a  return  carried  acroas  the  end  of  the 
back  leg  to  protect  it  from  enfilade,  mie  return  may  be  from  10  to 
-20  yards  long.  It  can  be  prolonged  from  this  short  end  of  tape  with- 
out  further  tracing.  Approaches  so  traced  are  dug  simultaneously 
over  their  entire  length  the  same  as  the  parallel. 

144.  The  diflTfflnff  of  m^proachea  aMder  Ave  ditters  from 
ordinary  trench  work  in  that  it  Is  done  progressively  from  one  end 
and  with  the  men  reasonably  protected  from  fire  while  doing  it. 
Tracing  is  dispensed  with.  Approaches  are  usually  called  aapa,  the 
operation  of  digelng  them  Mippliftsr*  and  the  skilled  men  aappera. 
The  end  at  which  digging  is  In  progress  is  called  the  aaphead. 

So  lone  as  the  legs  can  be  given  the  direction  described  In  para- 
graph  143,  cover  is  needed  on  the  end  and  one  side  only.  This  form 
is  called  alairle  aap.  A  single  sap  gaining  ground  to  the  left  is 
called  a  left-l&anded,  and  to  the  right  a  rlgrl^t-lfcanded,  sap.  The 
shovelers  work  right-handed  in  a  left-handed  saov  and  the  reverse. 

When  the  saphead  is  very  cfose  to  the  enemy^s  line,  such  direction 
can  not  be  given,  and  cover  is  required  on  the  end  and  both  sides. 
This  form  is  called  doaMe  a«p. 

Sinsle  aap. — A  party  of  one  noncommissioned  officer  and  8  sap- 

Sers  in  two  reliefs  works  at  the  saphead.  The  two  leading  sappers, 
08.  1  and  2,  excavate  a  trench  41  feet  deep  and  Just  wide  enough 
to  work  in,  throwing  the  eairtfa  to  the  front  or  exposed  side.  They 
are  protected  in  front,  or  on  the  end  of  the  trench,  by  a  pile  of  half- 
filled  sand  bags,  50  or  60  in  number,  piled-  so  as  to  make  a  parapet 
2  feet  high.  The  sand  bags  should  be  smeared  with  mud  so  as  to 
show  the  color  of  the  soil.  No.  1^  kneeling  or  crouching,  undercuts 
the  end  breast  a  few  Inches  and  brings  down  the  earth,  fie  steps 
back  and  No.  2  takes  his  place  and  shovels  the  loose  ca&th  out.  No.  i 
returns,  throws  forward  as  many  sand  bags  as  may  be  necessary 


37a  ENcmrssx  fxelb  icaxtal. 

gain  ground,  using  a  fork  or  rolfing  thein  over  with  his  l&ands.  Bei 
then  undercuts  again  and  tlie  operation  is  repeated.  Nos.  3  and  i 
widen  the  trench  2  feet  and  raise  the  parapet,  also  forming  a  berm  i: 
to  18  inches  wide. 

The  rate  of  advance  of  a  sap  is  only  2  to  4  feet  an  hoar.  Whet 
half  a  yard  has  been  gained,  Nos.  1  and  2  excliange  places  and  -wfaeo  i 
yard  is  gained  the  other  relief  comes  in.  At  each  change  of  relief 
the  men  who  were  Nos.  3  and  4  on  the  last  tour  take  1  and  2. 
Casualties  are  made  up  from  the  waiting  relief.  Generally »  unkss 
reduced  to  less  than  4  men,  the  detachment  must  work  wltbout  rein- 
forcement until  the  regular,  change  of  trench  reliefs. 

A  working  party  of  infantry,  26  feet  in  rear  of  the  B^;>pers,  widens 
the  trench  to  10  feet.  Figure  125  shows  a  plan  and  sections  of  a  sin- 
gle sap,  and  figure  127  gives  a  perspective  view  of  a  left-handed  siagie 
sap  in  progress. 

Doable  sap. — Two  parties  work  parallel  to  each  other,  Nos.  1 
and  2  leaving  a  4-foot  tongue  between  them,  which  is  taken  out  by  No& 
3  and  4.  No  widening  party  is  required.  Figuve  126  sbonrs  a  plan 
and  sections  of  a  double  sap. 

To  prevent  enlUade  the  direction  of  the  trench  is  changed  at 
right  angles  as  soon  as  the  plunging  fire  becomes  too  annoying 
After  going  25  to  30  feet  laterally,  the  trench  turns  again  to  tbe  nroDt 
and.  after  having  advanced  sufficiently  to  form  a  traverse,  tuns 
again  to  the  rieht  until  it  reaches  the  original  line,  when  it  resumes 
the  main  direction.  Figure  128  shows  tlie  plan  of  such  a  sap.  It  Is 
called  a  traversed  sap. 

146.  Second  parallel.— The  first  infantry  position  established,  a 
second  one  well  advanced  is  the  next  objective.  It  is  called  the  ae«- 
unit  parallel  and  should  be  500  or  600  yards  from  the  enemy's 
works,  or  about  midway  in  front  of  the  first  parallel.  It  will  envelop 
only  the  work  selected  for  attack  and  will  thus  be  shorter  than  tbe 
first.  The  second  parallel,  and  the  approaches  to  it  from  the  first,  maj 
be  established  in  a  night,  like  the  first  parallel  and  its  approaches. 
though  this  will  be  the  exception.  With  an  alert  defense  the  advance 
from  first  to  second  parallel  must  be  by  sap.  When  the  heads  of  the 
saps  are  abreast  of  each  other  and  on  the  desired  line  they  may  be 
turned  toward  each  other  and  run  to  a  connection,  forming  the  sec- 
ond parallel,  though,  if  possible,  the  work  should  be  expedited  by 
extending  parties  for  simultaneous  work. 

146.  Third  parallel. — This  will  be  about  halfway  from  the 
second  parallel  to  the  enemy's  works  and  will  in  most  cases  be  tbe 

Eosition  of  assault,  though  sometimes  fourth  and  even  fifth  parallels 
ave  been  found  necessary.  At  this  close  range  attention  is  neceesair 
to  guard  the  sapheads,  which  can  be  done  by  machine  guns  and  rifle 
fire  from  the  second  parallel.  As  the  saps  advance  the  returns  may 
be  lengthened  and  turned  so  as  to  form  demi*paraliels.  This  will 
enable  a  stronger  guarding  force  to  be  kept  under  shelter  and  well 
advanced  to  repulse  sorties  or  to  take  the  offensive  if  opportunity 
offers. 

147.  Stntnltaneoias  vrorh:. — The  preceding  discussion  shows  the 
most  systematic  method  of  procedure  with  the  least  losses.  However, 
if  the  enemy's  artillery  is  fairly  well  under  control  and  if  the  terrain 
is  at  all  suitable,  two  or  more  of  the  parallels  or  deml^parallels  may 
be  constructed  at  the  same  time.  This  result  is  obtained  by  -sendin? 
working  parties  at  night  to  the  position  of  the  advanced  paxnllel  or 
demi>paraUel,  and  these  parties  hurriedly  construct  enough  of  the 
parallel  to  obtain  shelter  against  the  enemy's  fire.  l>arlng  the  day 
and  subsequent  nights  this  parallel  is  completed  and  the  approaches 
to  It  are  more  quickly  constructed  because  working  parties  are  ac- 

engaged  at  botib  ends. 

Fonrth  and  fifth  parallels.' — It  is  quite  often  necessary 
'ruct  a  fourth  and  fifth  parallel  in  order  to  maintain  troops 
sapheads  and  protect  the  sappers  at  work. 
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The  foregoing  description  of  siege  works  embodies  principles  but 
lot  complete  practice-;  the  latter  is  greatly  affected  by  accidents  of 
nround.  Figure  120  is  a  general  view  of  the  trenches  actually 
constructed  by  the  Japanese  in  the  attack  on  Port  Kuropatkin.  Espe- 
cially interesting  is  the  trarerslng  of  the  ravine  or  gully  on  the  left, 
^hich  then  became' a  good  approach.  Snch  ravines  were  character- 
Stic  of  the  terrain  around  Port  Arthur,  and  much  work  of  this  kind 
^as  done  by  the  besiegers.  Sometimes  the  traverses  were  only  planks 
laid  across  from  bank  to  bank  with  sandbags  on  top,  allowing  pas- 
sage under  them.  The  distances  between  the  traverses  and  the  height 
yt  the  sandbag  protection  were  so  regulated  that  a  shot  grazing  one 
::ould  not  pass  under  the  next. 

149.  Direct  advance. — ^ElVentaally  the  sapheads  will  be  so  close 
to  the  enemy's  position  that  zigsag  approaches  are  not  elliectlve  in  gain- 
ing ground  to  the  front,  because  their  directions  are  almost  parallel 
to  the  parallels  In  order  to  prevent  enfilade  from  the  enemy's  position. 
In  this  case  the  sap  is  driven  straight  for  the  enemy's  position,  as 
shown  in  the  traversed  sap  (fig.  124). 

When  the  traversed  sap  is  no  longer  effective  as  compared  with  the 
around  gained  to  the  front  it  is  necessary  to  resort  to  mining  (as 
described  later)   or  to  assaults. 

TBENCH  WARFARE. 

150.  When  the  advanced  positions  of  both  sides  are  close  to  each 
other  there  ensues  a  series  of  conflicts  which  have  been  designated  by 
the  term  '*  trench  warfare."  In  sieges  the  forces  in  closest  contact  are 
the  advanced  parallel,  saps,  and  mining  galleries  on  the  side  of  the 
attacker  and  the  Intrencned  position  and  countermines  of  the  de- 
fender; In  extended  intrenched  fronts  the  forces  in  closest  contact 
are  in  the  firing  trenches,  saps,  and  mines  and  countermines  of  the 
two  sides. 

The  methods  of  conflict  in  trench  warfare  are  practically  the  same 
as  in  former  wars,  with  modifications  due  to  the  advances  in  science. 
Hand  grenades,  bombs,  obstacles,  etc.,  were  used  at  Sebastopol,  Port 
Arthur,  and  at  Verdun  in  1916. 

The  essential  difference  between  capture  of  Intrenched  places 
and  victory  over  extended  intrenched  fronts  lies  in  the  fact  that  the 
garrison  only  of  the  fortress  must  be  subdued  while  the  nation  back 
of  an  extended  intrenched  front  must  l>e  subdued.  Wnlle  the  garrf- 
son  of  a  fortress  sttU  retains  numbers,  food,  ammunition,  and  morale 
it  may  be  possible  to  capture  local  strong  points,  but  the  garrison 
will  not  surrender  as  long  as  its  power  of  resistance  Is  not  broken ; 
other  strong  points  to  the  rear  will  be  occupied  and  the  resistance  con- 
tinued. Similarly,  while  the  nation  still  retains  numbers,  food, 
ammunition,  and  morale  it  may  be  possible  to  capture  local  strong 

Eolnts  and  force  the  abandonment  of  an  extended  intrenched  line, 
ut  the  nation  will  not  cease  making  war  until  its  physical  or  moral 
power  of  resistance  is  broken ;  other  extended  intrenched  lines  to  the 
rear  will  be  occupied  and  the  resistance  continued. 

The  objects  of  trenck  -nrartare  are  thus  twofold :  First,  to 
capture  local  strong  points ;  second,  to  break  down  the  resistance  of 
the  enemy. 

The  following  greneral  principle*  have  been  accepted. 

(a)  Advance  In  the  open  is  Impossible  against  enemy  fire  supe- 
riority. .  ..1       . 

(b)  Advance  by  open  sap  work  is  difficult  against  enemy  artillery 
fire  and  almost  impossible  if  enemy  has  artillery  fire  superiority. 

(c)  Advance  by  mining  Is  effective  if  enemy  has  artillery  fire 
superiority. 

id)  An  assault  against  an  alert  enemy  must  be  preceded-  by  an 
effective  fire  of  artillery  explosive  shells  to  destroy  somewhat  -  the 
enemy  trenches  and  obstacles.  ' 
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<0>  An  artiUcry  cnrtain  of  fire  must  b«  maintained  beyond  can- 
tured  enemy  trendies  in  order  to  asstot  the  successful  attackers  In 
itefendiAg  uw  captured  trenches  a^ai&Bt  counter  attack. 

151.  Mobite  mmtky* — The  situation  on  the  west  ftont  in  Europe 
illustrates  the  effect  of  having  masses  of  traiaed  men  facing  each 
other  on-  a  relatively  short  line.  From  the  North  Sea  to  the  boundary 
of  Swltserland  the  battle  line  extends  over  a  distance  of  430  miles. 
The  opposing  armies  have  each  eonstriicted  triple  lines  of  trenches, 
often  supplemented  in  the  rear  by  a  douUe  line  of  underground  shel- 
ters where  the  tro<m8  in  reserve  may  rest.  Miles  upon  miles  of  pas< 
sageways,  saps,  galleries,  and  zigzags  aiford  means  of  communication 
between  the  trenches.  To  dig  these  field  fortifleations,  the  allies 
and  Germans  are  said  to  have  removed  about  two  and  one^half  times 
the  excavation  made  at  Panama.  At  a  number  of  points  the  hostile 
lines  are  less  than  100  yards  apart,  and  grenades  af  all  types  are 
used  in  great  quantities.  There  are  no  flanks  to  turn,  the  lines  are 
beavUy  covered  by  obstacles,  and  each  si<ie  having  reserves  upon 
reserves,  sapping  and  mining  must  be  freely  resorted  to  in  order  to 
gain  ground.  The  opinion  that  continuous  defensive  lines  are  to 
be  avoided  since  they  lead  to  a  dispersion  of  forces,  resulting  in  gen- 
eral weakness,  must  be  somewhat  modified  when  enormous  numbers  of 
troops  are  available.  Instead  of  a  series  of  defensive  positions  with 
intervals,  we  find  the  opponents  in  two  fortified  continuous  lines. 

ACCBSSOBIEB  OF  TBflNCHBS  AND  TBBlfCH  WABVABB. 

152.  Obaervatioit. — ^The  observation  of  the  enemy  is  of  first  im- 
portance In  trendi  warfare.  It  should  give  compleie  knowledge  of 
all  the  elements  of  the  hostile  line  and  prompt  information  of  any 
movement  of  the  enemy.  It  Is  effected  by  observation  from  the  ground 
and  observation  by  aircraft. 

Observation  from  the  ground  Is  divided  Into  three  echelons : 

(1)  Observation  in  front  of  the  firing  line  from  small  posts  and 
listening  posts. 

(2)  Observation  on  the  firing  line  bv  sentinels  and  lookouts. 

(3)  Observation  in  rear  of  the  firing  line,  by  artillery  observers, 
sentinels,  and  lookouts  of  the  shelters. 

Observation  in  front  of  the  firing  line  Is  effected  by  small  posts 
or  listening  posts  (fig.  1)  of  from  1  to  8  men  placed  in  rifleman's  pits, 
shot  holes,  organized  shell  craters,  or  In  short,  semicircular  elements 
of  trench,  connected  with  the  firing  line  by  sap  or  low-mine  gallery. 
Their  protection  is  assured  by  their  invisibility.  The  retreat  of  the 
observers  is  protected  by  a  system  of  branch  galleries  whose  entrance 
into  the  main  gallery  can  be  closed  rapidly,  or  by  a  barbed-wire  pro- 
tection placed  over  the  sap.  The  lookouts  in  small  posts  are  placed  in' 
very  short  trenches,  which  are  provided  with  loopholes.  Protection 
at  short  range  against  grenades  Is  secured  by  a  network  of  wire. 

Observation  on  the  flmig  line  is  effected  by  lookout  posts  organized 
preferably  at  the  salients  where  the  view  is  more  extended  (ng.  1). 
These  posts  give  a  view  over  the  enemy's  firing  line;  they  are  prO' 
Tided  with  periscopes,  range  finders,  and  large  scale  maps,  xbey 
should  be  concealed  by  all  practicable  means;  observation  is  car- 
ried out  under  good  conditions  only  when  it  Is  done  without  the 
knowledge  of  the  enemy.  The  posts  should  preferably  be  con- 
structed on  the  right  of  a  traverse,  and  in  an  excavation  in  front 
of  the  trench  wall 

The  obserratlon  posts,  even  of  the  Infantrv.  are  not  necessarily 
in  the  firing  line  or  In  the  listening  posts.  Often  in  rear,  points 
will  be  found  which  will  give  an  excellent  view,  and  wUl  not  attract 
the  enemy's  attention.  The  term  **  observatory "  is  often  em- 
ployed for  this  kind  of  observation  post.  The  observatories  gener- 
ally have  a  more  extended  view  than  the  lookout  post :  they  are  pro- 
tected and  have  means  of  communication  such  as  telephone,  helio- 
graph, messenger,  carrier  pigeons,  wireless,  etc    They  may  bel^^ 
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S^«t>t^n$kts  are  the  most  effectlye  for  battle-fleld  illnminatlon. 
TW  ««iMill^  Mies,  about  12  inches,  are  oxyacetylene  or  Incandescent 
<^^'<fHc  and  have  a  range  of  300  to  1,000  yards.  The  larger  ones, 
;^4  Wk  $^  tache««  are  of  the  electric-arc  type  and  hare  ranges  of  2,000 
t^  \^^^^  yards.  They  can  also  be  used  for  signaling.  They  are 
»ia\>t^  ta  shelters  similar  to  those  for  machine  guns,  located  so  as  to 
llaak  th«  Itne  of  fire. 

)^^.  S*«ie  detail*  of  trencli  yrartore. — The  long-continued 
|«iMtMtty  of  opposing  trenches  has  led  to  scientific  development  in — 

U  Th<^  use  of  trench  bombs  and  hand  grenades. 

1.  The  use  of  asphyxiating  gases  to  conceal  the  advance  and  to 
diMtror  the  ejiemy  in  his  trenches. 

;i«  The  use  of  nre,  both  offensively  and  defensively. 

4.  The  extensive  use  of  mining  and  countermining. 

lft<l  Grenndea  and  bomba. — These  are  containers  filled  with 
hU^  explosive  designed  to  be  thrown  by  hand,  burled  by  a  sling,  fired 
an  a  rocket  or  from  specially  constructed  bomb  guns,  or  dropped  from 
a^^al  craft.  They  burst  either  by  time  or  percussion  fuses,  may  be 
Improvised  in  a  variety  of  forms,  and  are  useful  in  a  close  attack  or 
den^nse.  As  in  the  case  of  other  high-explosive  projectiles,  their 
■Mterlal  effect  is  very  local,  although  demoralizing  to  men's  nerves. 
Incendiary  grenades  have  been  used  containing  the  ingredients  neces- 
.sary  for  making  the  welding  compound  known  as  thermit  and,  there- 
fore, throwing  molten  metal  about  upon  bursting.  The  type  of 
grenade  causing  the  most  havoc  Is  that  known  as  an  ^*  aerial  mine  "  or 
^winged  torpedo"  (figs.  131  and  132).  Aerial  mines  are  usually 
much  heavier  than  torpedoes,  often  weighing  200  pounds,  but  the 
latter  obtains  greater  accuracy  and  range,  carrying  a  40-pound  pro- 
jectile about  500  yards.  Both  may  be  used  to  beat  down  effectively  the 
enemy's  defenses,  destroying  his  sandbags  and  revetments,  and  cutting 
away  wire  entanglements  and  other  obstacles. 

157i  Hand  grrenadea. — In  addition  to  the  types  furnished  by  the 
supply  departments,  many  good  hand  granades  can  be  improvised 
with  material  at  hand.  Cfare  must  be  exercised  to  obtain  the  correct 
length  of  fuse.  One  inch  usually  bums  for  one  and  one-fourth  sec- 
onds, but  each  lot  of  fuse  should  be  tested.  Troops  should  be  prac- 
ticed in  the  manufacture  and  use  of  grenades  such  as  these.  F^ure 
133  shows  a  bomb  constructed  on  a  piece  of  wood,  thus  giving  a  good 
throwing  handle.  Figure  134  illustrates  one  made  from  a  tin  can ; 
Tfigure  134a,  one  made  of  nails. 

158.  Bomb  screen. — For  protection  against  bombs  and  grenades 
a  grille  of  wire  netting  may  be  erected  in  front  of  the  trenches  and 

.arranged  at  such  a  slope  that  the  majority  of  grenades  passing  over 
the  screen  will  also  clear  the  trench  (fig.  136!)  A  space  is  left  be- 
tween the  lower  side  of  the  wire  netting  and  the  top  of  the  parapet 
to  allow  free  use  of  the  rifle.  Of  course,  this  screen  does  not  permit 
the  use  of  the  bayonet,  nor  does  it  permit  an  easy  offensive  advance. 

'This  objection  does  not  apply  to  communications,  machine-gun  em- 
olacements   etc 

159.  SapplnW  and  mlnlnv. — ^These  siege  methods  have  been  car- 
ried on  to  an  extent  wholly  unprecedented — a  natural  and  logical 
effect  of  the  present  type  of  trench  warfare.  When  artillery,  machine 
guns,  rifles,  and  grenades  are  used  for  preparing  for  an  attack,  the 
opposing  trench  li  well  warned,  and  the  final  assault  has  to  be  car- 
ried to  a  finish  with  chance  of  results  not  commensurate  with  the 
large  expenditure  of  munitions  and  loss  of  life.  Mining,  on  the  other 
hand,  does  not  entail  such  a  drain  upon  men  and  munitions,  but  has 
the  drawback  that  it  is  slow  and  restricted  in  its  application.  We 
therefore  find  that  this  method  of  attack  is  used  against  exceedingly 
strong  points  of  an  enemy's  line,  a  salient,  a  building,  or  other  point 

Teat  force.     Success  depends  wholly  upon   the  element   of 

The  aim  of  mine  warfare  is  to  suddenly  make  a  breach  In 

s  trench,  destroy  at  the  same  time  the  flanking  supports 

>uld  use  to  stop  this  breach,  and  then  to  charge  with'  the 
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troops  into  tne  enemy's  trench  disorganized  by*  the  explosion  of  the 
mine,  and  there  to  entrench  before  the  opposing  forces  are  able  to 
recover. 

160.  Mlnlngr  metbods. — Mine  galleries  are  usually  started  from 
the  sapheads  that  have  been  pushed  well  forward  Into  the  zone  of 
obstacles  and  which  allow  the  miners  to  advance  rapidly  under  cover 
until  almost  within  range  of  the  enemy's  grenades  and  bombs.  Mill- 
tarv  mining  is  well  explained  in  the  Engineer  Field  Manual,  though  it 
is  found  that  in  war  Improvised  use  is  made  of  whatever  methods  and 
appliances  of  commercial  mining  may  be  found  practicable.  One 
great  difficulty  has  been  the  removal  of  the  earth  resulting  from  the 
digging.  Most  often  it  has  been  taken  away  in  sacks  or  relays  of 
wheelbarrows,  though  In  some  of  the  very  extensive  mines  that  have 
been  completed  small  cars  on  narrow-gauge  tracks  have  been  used. 
The  usual  precautions  are  taken  for  draining  and  ventilating  the 
mine  galleries. 

Connterniliilnff. — ^Naturally  the  enemy  is  not  inactive,  and  sap- 
pers and  miners  are  constantly  exposed  to  the  danger  of  meeting 
opposing  mines.  It  is  important  that  sappers  be  trained  in  the  use  of 
listening  galleries  and  camouflets.  A  boring  machine  has  been  devel- 
oped of  late  in  America  capable  of  driving  a  horizontal  hole  and 
enlarging  and  loading  a  camouflet  pocket  at  distances,  more  than  500 
feet  from  the  machine.  If  this  outfit  operates  as  successfully  as  is 
claimed  it  will  prove  of  great  use  not  only  In  countermining  but  will 
also  be  applied  to  mining  direct  against  the  enemy's  trenches, 

161.  Aspbyxlatlnar  flraaes. — The  use  of  asphyxiating  gases  as  an 
auxiliary,  both  in  attack  and  defense,  has  been  frequent  In  the  Euro- 
pean war,  but  has  been  confined  to  operations  where  the  combatants 
were  facing  each  other  in  trenches  under  conditions  similar  to  a  siege. 

While  authoritative  Information  as  to  its  use  is  not  obtainable,  the 
following  has  been  collected  from  the  best  available  sources.  Chlorine 
or  bromine  fumes,  or  a  mixture  of  the  two,  have  been  the  gases  most 
commonly  emploved.  The  use  of  sulphurous  anhydride  (SO9),  nitrous 
acid  (NaO*),  and  carbonyl  chloride  (COClj)  have  also  been  reported. 
Chlorine  and  bromine  cause  death  through  strangulation  (by  effect  on 
the  bronchial  tubes,  and  if  death  is  avoided,  a  long  slow  bronchial 
illness  ensues.  Sulphurous  anhydride  is  oxidized  in  the  lungs  Into 
sulphuric  acid,  causing  death  by  suffocation.  Nitrous  acid  causes 
death  by  effect  on  the  mucous  membrane  and  the  central  nervous 
system.  For  protection  against  chlorine  and  bromine  gases  masks  are 
worn  with  a  moist  packing  before  the  lips  of  nitrous  thiosulphate, 
which,  being  alkaline,  neutralizes  the  acids  in  the  gases.  The  English 
mask  contains  72  per  cent  of  the  thiosulphate  and  28  per  cent  of 
bicarbonate  of  soda,  which  affords  protection  for  about  two  and  one- 
half  minutes  when  the  air  contains  10  per  cent  of  chlorine  <and  five 
minutes  when  it  contains  5  per  cent.  Masks  are  worn  by  attackers 
and  defenders.  Also  at  intervals  recesses  must  be  made  to  hold 
"  trench  sprayers  "  for  spraying  a  neutralizing  liquid,  which  kills  the 
gas  and  cleans  out  the  trench. 

In  the  shelters  thorough  ventilation  must  be  provided  by  boring 
vertical  or  inclined  holes  with  an  earth  auger  through  the  roof  (fig. 
1).  These  can  also  be  used  for  periscopes.  Against  asphyxiating 
gas  it  is  necessary  to  seal  hermetically  the  shelter  as  soon  as  the 
alarm  is  given.  For  this  purpose  two  curtains  of  canvas  or  blankets 
are  placed  at  the  entrance,  a  short  distance  apart.  There  must  always 
be  a  barrel  of  the  gas-protective  solution  in  the  shelter,  which  should 
be  snraved  Into  the  air 

Tne   method   of  employment  appears  to  be  to  provide  stationary 

works  for  generation  of  tne  gas  in  rear  of  the  lines,  from  which  pipes 

are  laid  to  the  front  of  the  trenches  over  the  desired  front  of  attack. 

When  a  favoring  wind  occurs,  gas  is  admitted  to  the  pipes,  and  issuing, 

Irifts  toward  the  enemy.    Transportable  reservoirs  are  also  used,  con- 

aining  the  gases  in  compressed  form.     All  of  the  gases  used  liave  a 

igh  specific  gravity,  which  causes  the  poisonous  clouds  to  lie  close  to 

he  ground  and  remain  concentrated  for  a  considerable  time. 
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It  has  been  reported  tbat  the  French  are  manufacturlns  a  trench 
srenade  which  liberates  a  chemical  liquid  giving  off  a  gas  that  excites 
the  lachrymal  glands  and  Impairs  the  vision. 

162.  Attack:  on  entanflrlements. — Regarding  methods  of  cross- 
ing wire  entanglements,  it  is  said  that  a  great  deal  of  time  and  thought 
has  been  spent  on  experiments  on  this  matter,  and  various  schemes 
have  been  tried,  such  as  carrying  a  roll  of  wire  netting  to  form  a 
bridge  and  throwing  it  over  the  entanglement,  figuring  on  the  spring 
of  the  uncoiling  roll  to  carrv  it  over,  also  throwing  sheets  of  expanded 
metal  over  the  obstacle,  and  a  rather  clever  mechanical  device,  which 
can  be  operated  by  one  man,  and  by  which  wire  netting  is  stretched 
and  thrown  some  25  feet.  These  schemes  are  of  doubtful  value,  the 
material  being  too  heavy  and  cumbersome  to  carry  across  a  fire- 
swept  area.  To  clear  the  enemy's  wire  entanglements  is  a  task  for 
artillery  or  for  the  individual  infantryman  with  a  pair  of  hand  clippers. 

163.  Gnardlnv  of  obstacles. — -rio  matter  how  complete  a  system 
of  obstacles  has  been  established  a  constant  watch  over  it  must  be 
maintained  if  it  is  to  fulfill  its  r61e  successfully.  In  positions  where 
there  is  a  likelihood  of  the  trench  being  rushed  or  of  the  enemy  sneak- 
ing through  under  cover  of  darkness,  saps  must  be  pushed  forward  into 
and  beyond  the  entanglements,  so  that  sentries  may  be  placed  well  to 
the  front  in  listening  posts  and  rifle  pits.  After  a  sentinel  gives  the 
alarm  and  is  ready  to  retreat  to  the  main  trench  he  closes  his  communi- 
cating sap  to  the  enemy  by  lowering  wooden  frames,  covered  with 
barbed  wire  across  the  sap  somewhat  in  the  nature  of  a  portcullis. 
Much  ingenuity  has  been  shown  in  constructing  alarm  traps  and  wire 
trips  for  the  purpose  of  setting  off  flashlights,  firing  pistols,  or  ringing 
bells  upon  the  approach  of  an  enemy.  Trenchscopes,  permitting  a  safe 
view  to  the  front,  are  quite  essential.  They  are  very  simple  periscopes, 
consisting  of  parallel  mirrors  in  a  long  wooden  box,  both  set  45"  to  the 
long  axis  of  the  box. 

lo4.  Rolltnv  alileld*^ — These  have  been  made  with  cross  section 
like  a  plus  sign  (  +  ) ,  the  arms  being  about  a  foot  long.  These  shields 
are  about  3  feet  in  length,  so  that  they  can  be  rolled  to  the  front  by 
one  man,  giving  him  very  good  protection.  They  are  of  doubtful  value 
even  at  sapheads. 

165.  Shelter  (figs.  33  and  117). — ^The  war  along  the  western  front 
has  developed  into  essentially  a  siege  operation  on  a  large  scale,  and 
represents  the  necessity  for  the  use  of  shelter  under  conditions  in 
which  opposing  armies  are  about  equally  matched.  In  the  firing 
trenches  the  men  are  sheltered  in  dugouts  deep  underground,  each  with 
room  for  from  3  to  8  men.  Fifteen  to  50  yards  in  the  rear  of  the 
firing  trenches  are  the  cover  trenches,  which  furnish  shelter  for  at 
least  two-thirds  of  the  firing  line  and  supports.  The  reserves  in  rear 
are  furnished  yet  more  elaborate  shelters,  with  plenty  of  room  for 
men  to  lie  down  and  rest,  and,  when  practicable,  bathing  facilities 
are  nrovided. 

lo6.  Kaeliiae  arira*. — ^The  general  principles  of  their  employ- 
ment are : 

(1)  The  personnel  and  mat^rl^  should  be  protected  from  fire  as 
much  as  possible. 

(2)  In  order  that  they  may  be  available  at  the  moment  of  attack, 
It  IS  indispensable  that  they  survive  the  bombardment.  Their  pro- 
tection must  therefore  be  specially  provided  for  by  employing  aU  of 
the  following  means : 

la)   Placing  them  under  shelter. 
b)  Making  their  emplacements  invisible. 
,c)  Dispersing  them  laterally  and  arranging  them  in  echelon. 

(3)  Casemates  must  be  used  only  when  they  can  not  be  seen  by 
the  enemy,  such  as  on  the  reverse  slope  or  in  woods  or  villages. 

(4)  The  great  importance  of  making  them  invisible  necessitates  the 
construction  of  firing  emplacements  outside  the  shelters,  but  close 
enough  so  that  the  guns  can  be  put  in  action  with  the  least  possible 
delay. 
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<6)  The  flrlnff  emplacement  may  be  protected  by  a  light  roof  with 
very  slight  helgnt,  or  it  may  be  entirely  without  overhead  protection. 
The  emplacement  may  consist  simply  of  a  pit  In  the  open  field  situ- 
ated In  front  or  in  rear  of  the  parapet,  and  connected  with  the  shel- 
ter by  an  underground  passage.  The  machine  gun  shonld  be  placed 
in  action  at  the  last  moment ;  It  may  be  simply  placed  on  the  edge 
of  the  pit  without  any  protection,  but  preferably  should  be  covered 
by  a  light  shield  or  a  low  parapet  Joining  the  natural  slope  of  the 
ground  with  a  gentle  slope.  The  pit  should  be  carefully  hidden  and 
will  not  usually  be  discovered  by  the  enemy.  Emplacements  of  this 
nature  are  frequently  employed  in  rear  of  the  firing  line. 

6.  When  the  firing  trench  Is  situated  on  the  reverse  slope  machine 
guns  should  be  emplaced  in  concealed  pits  In  front  of  the  trench 
and  connected  with  it  by  underground  passages. 

(7)  The  requirement  of  invisibility  makes  It  necessary  to  conceal 
all  the  approaches  to  the  firing  emplacements  by  making  them  under- 
ground and  to  Increase  the  number  of  emplacements  so  that  It  will 
not  be  necessary  to  fire  daily  from  those  to  be  used  in  case  of  an 
attack. 

(8)  The  emplacement  of  too  many  machine  guns  In  the  fir»t  line 
is  dangerous ;  in  order  to  stop  an  attack  they  should  be  echeloned 
to  the  rear.  In  favorable  terrain,  flank  fire  should  be  provided  to 
mow  down  the  attacking  lines  as  they  push  forward.  Therefore  the 
available  machine  guns  should  be  distributed  between  the  firing 
trench  and  the  terrain  in  rear,  with  each  emplacement  prepared  in 
a  manner  suitable  to  the  terrain  and  object  in  view. 

167.  Bmplacementa  and  alftelterB  for  trencli  Treapona. — ^In 
trench  warfare  batteries  of  light  mortars  and  other  trench  weapons 
are  generally  situated  between  the  cover  and  support  trenches. 
lilke  machine-gun  emplacements,  they  are  of  two  types,  viz,  with 
and  without  overhead  cover.  Whenever  overhead  cover  is  used,  if 
practicable,  alternative  emplacements  without  It  should  be  con- 
structed near  by.  The  emplacements  should  be  concealed  as  much 
as  possible,  and  for  this  purpose  the  command  should  not  be  greater 
than  that  of  the  adjacent  trench.  The  guns  should  be  dispersed 
laterally  and  in  depth  as  indicated  for  machine  guns. 

168.  Depots  for  material  and  ammanltion. — ^These  consist 
of  galleries  of  variable  dimensions,  opened  in  the  walls  of  the  trenches 
and  approaches,  and  usually  lined  with  timber,  like  mine  casings. 
The  entrance  should  be  closed  with  a  strong  door.  They  are  used  to 
store  water,  rations,  ammunition,  grenades,  pioneer  tools,  portable 
searchlights,  field  glasses,  maps,  range  finders,  periscopes,  lighting 
pistols  and  rockets.  Depots  for  engineer  material  are  usually  in- 
stalled in  the  angles  of  the  approaches.  Depots  for  water,  rations, 
tools,  and  sandbags  are  usually  established  about  20  yards  to  the 
right  of  the  company  command  post.  DM>ot8  for  arms,  ammunition, 
bombs,  grenades,  and  rockets  are  about  20  yards  to  the  left  of  the 
same  post.  An  inventory  of  the  material  should  be  kept  up  to  date 
at  the  company  command  post. 

169.  Daily  nplreep  of  approacli  and  commnnlcatlnar 
trenches. — ^The  difficulties  are  to  fix  the  responsibility  for  the  up- 
keep of  the  several  parts  and  to  order  only  such  work  as  can  be  done. 
An  exact  and  measured  plan  of  the  approach  and  communicating 
launches  is  here  of  inestimable  value.  The  method  by  task  work 
should  be  used,  tasks  being  assigned  to  small  squads,  distant  100  to 
800  feet  from  each  other,  and  all  beginning  work  at  the  same  hour 
on  the  entire  length  of  trench.  When  25  men  are  put  together  at  t^e 
beginning  of  a  trench  they  fall  over  each  other  and  never  finish  their 
Job.    • 

Command  posts,  telephone  stations,  flrst-ald  stations,  trench  depots, 
kitchens,   the  supply  of  drinking  water,   latrines,   lavatories   should 

•*^lly  be  constructed  in  short  covered  trenches  at  the  angles  In 

'^MLches.     For  equipment,  drinking  water,  rations,  and  lanterns 
signposts,   niches  of  various   sizes   are   constructed    in    the 
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parapet  or  reeesses,  lined  with  timber,  are  comrtnieted  In  tlie  walls  of 
the  trenches.  ^    ^  ' 

170.  Maintenance. — Order  and  sanitary  conditlooa  must  be 
rigidly  exacted  in  the  trenches,  or  they  will  soon  become  untenable 
or  very  unhealthful. 

The  trenches  after  prolonged  use  deteriorate*  not  only  from  the 
fire  of  the  enemy,  but  also  from  the  effects  of  the  weather.  They 
most  constantly  be  repaired.  Walls  which  break  down  must  be 
revetted.  Firing  banquettes  must  be  constantly  r^Miired  with  planks, 
fascines,  or  other  revetting  material.  Damaged  parapets  must  be 
repaired.  Berms  must  be  kept  at  proper  width.  Drainage  pits  must 
be  watched  carefully  and  kept  cleaned  out.  It  requires  constant  work 
to  keep  trenches  clean  and  sanitary.  Any  commander  who  tolerates 
lack  of  work  or  poor  work  under  any  pretext  is  wanting  in  the  first 
duty  of  a  commanding  officer. 

When  parts  of  trenches  are  captured  steps  must  be  taken  imme- 
diately to  clear  them  of  Insects  which  swarm  in  them  and  transmit 
disease  germs,  particularly  typhus.  Btraw  should  be  burned  in  the 
trenches  and  shelters,  and  all  wood  should  be  whitewashed. 

171.  Shower  baths. — These  should  be  installed  in  a  deep  shelter 
or  in  a  cave  shelter.  A  simple  arrangement  is  to  provide  one  or  two 
kettles  for  heating  water,  tubs,  or  casks  for  storing  water,  placed 
about  9  feet  above  tbe  ceiling  of  the  shelter.  The  tubs  or  casks 
should  be  connected  with  a  pipe  fitted  with  sprinklers,  properlv 
spaced.  There  should  be  a  grating  on  the  floor,  and  the  bottom  of 
the  approach  should  have  a  fairly  steep  slope  toward  a  drainage  pit. 

172.  'Water  supply « — This  usually  consists  of  several  large  casks 
filled  by  pipes  if  practicable,  otherwise  the  water  is  carried  to  them. 
There  should  be  an  Interval  of  at  least  10  yards  between  casks  to 
avoid  crowding  and  mud  puddles^ 

173.  Slfrnpontlng:  ttaie  approaeh  and  oomntnnleatlnflr 
trenches^ — ^At  all  crossings  two  solid  signboards  must  be  set  into 

-the  berm,  beyond  the  reach  of  involuntary  blows  of  passers-by.     I?heir 
position  is  important     Whoever  sets  them  must  nut  himself  in  the 
position  of  both  the  passer-by  coming  from  the  front  and  the  one' 
coming  from  the  rear  and  then  arrange  the  signboards  so  that  no 
one  can  mistake  them. 

Often  the  big  approach  trenches  are  named  and  marked  only  up 
to  a  parallel  beyond  which  they  are  doubled  or  quadrupled  by  others 
which  absorb  them  into  their  special  system  of  notation.  This  is  a 
mistake.  The  approach  trench  must  keep  its  name  up  to  the  parallel 
of  departure,  because  it  forms'  an  important  known  feature  or  avenue 
in  the  trench  system  and  the  terrain. 

174.  Besides  the  signposting  a  simple  rule  prevents  confusion  be- 
tween an  approach  trench  and  all  those  connected  with  it.  That  is, 
wherever  there  is  a  crossing  or  a  fork  to  keep  the  bottom  of  the 
principal  approach  trench  at  12  to  16  inches  below  that  of  the  off- 
shoot trench.  It  is  thus  clear  that  if  ose  takes  a  step  up  he  is 
leaving  the  principal  approach  trench.  In  the  same  way  at  a  right 
angle  turn  a  few  blows  of  a  pick  will  form  a  small  arc  of  a  circle 
and  suggest  the  continuity  of  the  main  trench.  These  small  efforts 
will  save  many  an  error  and  much  confusion. 

175.  It  is  desirable  to  have  traffic  in  one  direction  only  in  an  ap- 
proach trench,  so  one  set  is  built  for  bringing  troops  up  from  the 
rear  and  another  generally  parallel  for  evacuation  or  moving  to  the 
rear.  Movement  in  the  contrary  direction  should  be  allowed  only  by 
special  order. 

176.  An  approach  trench  should  merely  cross  a  parallel  (such  as  a 
sui>port  trench)  and  should  not  use  even  a  small  portion  of  the 
parallel  for  the  movement  of  men  to  the  front  or  rear.  The  objec- 
tions are  that  men  may  make  a  wronj^c  turn,  right  or  left,  into  the 
parallel,  and  that  the  presence  of  troops  in  the  parallel  will  interfere 
greatly  with  the  movement  to  front  and  rear.  The  rate  of  flow  "^ 
the  movement  through  an  approach  trench  is  that  of  its  most  difl* 
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point,  for  example,  an  underground  passage,  tminel,  or  a  hole  fall  of 
water.  Therefore  every  effort  should  be  made  to  Improve  these 
choking  points. 

Everytning  that  hinders  movement  In  approach  and  communlcatfni^ 
trenches  must  be  rigidly  suppressed.  Shelters  and  niches  must  be  so 
placed  that  they  can  not  interfere  with  the  use  of  the  trenches  as  free 
corridors. 

177.  Coinma.nd  posts. — For  every  100  to  160  yards  of  new  trench 
constructed  there  should  be  a  command  post  for  the  company  or  bat- 
talion commander,  the  brain  center  of  the  new  organization  of  trench 
world  thus  created.  These  command  posts  may  be  the  vital  points  of 
some  future  battlefield.  They  should  be  placed  conveniently  near 
some  main  communicating  trench,  and  should  be  num^ous  enough 
for  all  uses  during  an  action.  Each  command  post  mnst  have  a 
specific  Identifying  letter  or  number,  the  series  not  to  be  repeated 
where  there  would  be  danger  of  confusion,  so  that  when  an  oi&cer 
comes  to  take  possession  he  can  immediately  record  his  address  with- 
out the  least  danger  of  mistake.  These  posts  will  be  marked  by  big 
signboards  and  on  the  map  or  plan  by  a  clearly  legible  conventional 
sign. 

Command  posts  if  located  and  marked  as  .described  will  thus  form 
definite  spots  in  the  terrain,  known  to  every  one  and  used  as  the 
origin  of  coordinates  for  indicating  other  nearby  points.  For  this 
reason  the  necessary  supplies  that  troops  In  the  vicinity  may  need  In 
an  emergency  should  be  collected  at  some  point  definitely  located 
with  reference  to  a  command  post.  The  command  post  of  every  cap- 
tain should  therefore  have  at  20  yards  to  the  right  a  depot  for  water, 
food,  and  sandbags ;  at  20  yards  to  the  left  a  water-tight  shelter  for 
cartridges,  grenades,  and  rockets.  When  these  are  needed  urgentlj 
by  troops  in  front  they  can  be  found  and  furnished.  This  coordin- 
ation of  the  supply  depots  with  the  command  posts  of  the  captains 
must  be  regulated  and  Insisted  upon  by  the  higher  commanders. 

The  command  posts  being  thus  important  centers  and  not  the  mere 
shelter  for  the  company  commander,  they  must  be  uniformly  and  posi- 
tively supplied  with  certain  articles,  as  follows :  A  table,  a  water 
barrel,  a  lamp,  oil  and  candles,  a  periscope,  simple  box  or  pigeonholes, 
a  gas  mask,  an  oiled  cloth,  and  a  curtain.  All  this  material  must  be 
placed  in  the  post  when  It  Is  built  and  not  distributed  the  day  before 
an  attack  to  the  company  commanders.  In  each  command  post  there 
is  a  pad  or  book  of  printed  forms  for  orders,  requisitions  for  supplies, 
and  other  necessary  papers. 

The  command  posts  may  also  be  used  advantageously  as  material 
depots  where  the  supplies  for  the  troops  will  be  continually  collected 
and  inventoried. 

178.  Firat-aid  atationa. — These  are  connected  with  the  coyer 
or  firing  trench  by  a  communicating  or  approach  trench  wide  enoufth 
to  carry  a  litter.  They  are  constructed  like  other  shelters.  The  walls 
are  covered  with  straw  or  hurdle  work,  which  must  be  frequently 
changed.  They  should  be  at  least  8  by  12  feet  in  size.  Two  cots 
should  be  placed  against  one  wall,  and  a  bench  for  the  wounded  to  sit 
on  against  the  other. 

179.  Kitchens. — These  should  be  constructed  in  shelters.  The 
stovepipes  should  project  somewhat  above  the  top  of  the  shelter  to 
secure  good  draft.  In  addition,  numerous  ventilating  holes  must  be 
made.  The  shelters  should  be  large  enough  to  accommodate  the  roll- 
ing kitchens.  Small  fires  built  of  dry  wood  In  the  bottom  of  deep 
trenches  do  not  betray  the  poHltlon  of  the  trenches. 

180.  LtftTatorles. — These  are  improvised  of  tin  or  wood  so  as  to 
form  a  number  of  basins  in  a  row,  with  holes  in  the  bottom,  placed 
above  a  wooden  trough,  which  receives  and  carries  off  the  water  to 
a  drainage  pit.  There  should  be  a  grating  for  the  men  to  stand  on. 
'■^«v  should  be  constructed  in  a  branch  trench,  covered  if  practicable. 

'')or  of  the  trench  should  have  a  decided  slope  for  drainage. 
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MINING  AND  EXPLOSIVES. 

181.  Military  mtninar  Will  be  here  considered  to  Include  only  the 
operations  incident  to  forming  communications  or  chambers  com- 
pletely underground ;  to  placing  In  such  chambers  charges  of  explo- 
siyes  and  to  nrlng  such  charges. 

Otlier  tises  of  explo»ives  in  engineering  operations  are  more 
commonly  classed  as  blastingr  and  will  be  consioered  under  demo- 
litions. Blasting  also  includes  the  use  of  explosives  in  forming 
the  underground  spaces  In  the  process  of  mining. 

Umderarronnd  commanications  are  classed  according  to  their 
directions  as  sralleries,  which  are  hori2sontal  or  nearly  so,  and 
aluaf  in,  which  are  vertical  or  nearly  so. 

Oalleries  are  classed  according  to  their  size  as  grreat  or  grrand 
aralleries,  which  are  0  feet  high  by  7  feet  wide ;  common  gral- 
lerles,  6  by  3)  feet ;  lialf  srallerles,  4|  by  3  feet ;  branchen, 
3i  by  2i  feet ;  and  small  branches,  2i  by  2  feet.  When  the 
formation  of  the  ground  permits,  earth  augers  may  be  used,  forming 
bores  or  drill  boles. 

Sbafts  may  be  drill  holes  or  wells,  or  may  range  In  size  from 
the  smallest  in  which  a  man  can  work,  say,  8  by  3  feet,  to  any  size 
which  may  be  required,  seldom  more  than  6  by  10  feet. 

The  dimensions  of  galleries  and  shafts  are  determined  by  the  use 
to  be  made  of  them,  their  length,  and  the  minimum  space  In  which 
men  can  work.  If  troops  or  guns  are  to  be  passed  through  galleries, 
they  'must  be  made  large  enough  for  that  purpose.  Grand  and  com- 
mon galleries  will  usually  meet  these  requirements.  Galleries  used 
only  to  reach  the  proper  point  to  place  the  explosive  are  made  of  the 
size  which  is  most  rapidly  driven  and  can  be  sufficiently  ventilated. 
This  is  usually  the  half  gallery,  in  which  men  can  work  without  too 
muph  constraint,  through  which  the  excavated  earth  can  be  trans- 

Eorted  by  efficient  methods,  and  in  which  reasonable  ventilation  can 
e  maintained  by  simple  meanti. 
Branches  or  small  oranches  may  be  used  when  near  th»  objective 
points.  They  are  rapidly  driven  for  short  distances,  20  feet  or  so, 
but  when  longer  the  difficulties  of  digging,  earth  disposal,  and  venti- 
lation become  too  great.  When  the  soil  permits  the  use  of  augers, 
bores  will  usually  be  emplojred  for  this  purpose. 

Tbe  auantity  of  explosive  placed  at  any  point  is  called  a 
cbarere.  Tbe  place  prepared  for  the  reception  of  the  charge  is 
called  the  mine  ebaniber  or  simply  the  ebaniber. 

182.  The  primary  reaaisites  of  subterraneous  excavations  are 
acenracy  of  direction,  prevention  of  eavlngr>  ventilation, 
drainaiire,  and  lisrhtingr. 

The  restricted  space  usually  requires  not  only  that  m^i  shall  work 
in  constrained  positions,  but  also  that  special  tools  be  provided  of 
smaller  size  than  those  used  for  open  earthwork.  A  special  tool 
called  the  push  pick,  shown  in  figure  135,  is  very  convenient  in 
soft  earth.  Picks  and  shovels  for  mining  are  similar  in  form  to 
standard  tools,  but  are  smaller,  and  have  shorter  handles. 

183.  Accuracy  of  direction  may  be  secured  in  sufficient  degree  by 
refined  application  of  methods  described  in  Reconnaissance.  The 
principal  characteristic  of  underground  surveying  is  tbe  absence 
of  daylisht.  All  targets  must  be  luminous,  and  readings  of  instru- 
ments may  be  made  by  artificial  light.  As  a  rule,  the  less  light  there 
is  in  the  gallery,  other  than  the  target  and  reading  lights,  the  better. 

The  best  target  is  a  light  of  medium  strength  behind  a  narrow 
sUt»  and  is  easily  improvised.  A  convenient  form  is  shown  in  figure 
136»  The  slit  is  V-shaped  in  form  and  adjustable  by  rotating  the 
two  sides  about  their  pivots,  so  that  the  maximum  width  can  be  ad' 
justed  to  the  intercept  of  the  wire  at  various  distances,  as  shown  in 
figures  137  and  138.  A  sheet  of  white  paper  or  cloth  behind  the 
light  will  enable  tbe  observer  to  work  much  faster. 


394  ENOIKEEB   FZEZ.D   ICAHirAL. 

In  large  galleries  a  transit  may  be  used,  and  in  smaller  ones  a 
plane  table  or  prismatic  compass.  The  box  compass  can  not  be 
sighted  and  read  with  sufficient  accuracy  for  this  work.  CompasB 
courses  can  not  be  relied  upon,  as  the  needle  is  subject  to  abnormal 
fluctuation  when  used  underground.  At  each  change  of  direction  the 
back  azimuth  and  azimuth  must  be  carefully  read  and  the  angle  be- 
tween them  used  to  determine  the  change.  The  light  used  for  read- 
ing a  compass  should  be  nonmagnetic  and  nonelectric,  or  if  not  so, 
must  be  held  in  exactly  the  same  position  during  both  readings. 

A  rangring:  device  may  be  improvised  as  shown  in  figure  136.  Tlie 
edges  of  the  box  should  be  straight  and  parallel  to  each  other  and  to 
the  line  of  sight.  The  box  resting  on  a  smooth  board  or  paper  nearly 
level  is  pointed  at  the  back  and  forward  targets  in  succession,  a 
pencil  being  drawn  along  one  edge  in  each  position.  The  angle  be- 
tween the  penciMities  is  measured  with  a  protractor. 

The  nlope  of  an  inclined  gallery  is  maintained  by  the  use  of  a 
field  level.  Many  forms  may  be  improvised  by  the  use  of  a  level  tube 
or  plumb  line,  A  convenient  form  is  shown  in  figure  139.  The  two 
pieces  having  been  pivoted  together,  as  shown,  are  giv^i  a  series  of 
suitable  angles  of  inclination,  and  at  each  setting  a  small  hole  is 
bored  through  both  pieces,  forming  two  series  of  holes,  as  indicated. 
To  reproduce  any  setting  spread  the  pieces  until  the  corresponding 
holes  fall  together  and  put  a  closely  ntting  pin  through  both.  The 
longer  piece  is  placed  on  the  inclined  line  of  the  gallery,  usually  on 
two  consecutive  frames,  for  which  its  length  is  adapted.  On  the 
shorter  piece  may  be  placed  an  ordinary  carpenter's  or  other  lewtl, 
or  a  level  tube  may  be  set  in  the  piece  itself  if  convenient. 

The  greatest  accuracy  need  not  be  maintained  during  the  con- 
struction of  galleries  though  carelessness  must  be  avoided.  Whe& 
the  immediate  vicinity  of  the  chamber  or  other  objective  point  is 
reached  the  entire  line  must  be  checked  as  accurately  as  possible,  and 
the  length  and  direction  of  the  branch  or  drill  hole  necessary  to  reach 
the  objective  point  must  be  determined.  The  digging  having  been 
substantially  completed,  the  galleries  may  be  kept  clear  of  men  to 
facilitate  work  when  this  final  survey  is  made. 

184.  The  fimt  step  in  any  mining  operation  will  be  to  locate  the 
objective  point  with  respect  to  the  point  of  departure  by  the  best 
practicable  measurements  above  the  ground,  preferably  intersections 
with  a  transit  from  a  carefully  measured  base.  This  position  should 
be  plotted  on  a  good  map.  If  no  obstructions  are  suspected,  a 
straight  line  from  the  point  of  departure  to  the  objective  should  be 
adopted  f<M*  the  gpallery  and  its  length  and  azimuth  determined.  A 
profile  of  the  ground  along  the  line  of  the  gallery  permits  determina- 
tion of  the  proper  slope  or  slopes. 

The  traaaf  er  of  the  aBlmnth  underground  will  depend  on  whether 
the  gallery  starts  from  a  shaft  (fig.  143),  from  a  reverse  slope  (fig. 
140),  or,  if  not  very  deep,  from  a  level  with  a  descending  brandb 
(fig.  141).  In  the  second  and  third  cases,  which  will  be  the  rule  In 
military  mining,  the  azimuth  may  be  established  in  the  gallery  by 
a  transit  or  oomimBS  used  in  the  ordinary  way.  In  the  case  of  a 
shaft,  which  will  be  the  exception,  the  azimuth  must  be  established 
across  the  top  or  mouth  and  transferred  to  the  bottom  by  means  of 

Elamb  lines  (fig.  143).  The  plumb  lines  should  be  fine  wires,  the 
obs  true  and  heavy,  suspended  in  water  if  necessary  to  steady  them, 
and  the  marking  should  be  done  by  scratches  on  the  heads  of  nafls  or 
tacks.  During  construction  the  alignment  may  be  kept  by  a  line 
stretched  along  the  gallery  and  the  elevations  by  the  field  level. 

CatAnvea  of  dire<!tloift,  if  necessary,  are  most  conveniently  meas- 

n*a(i  in  the  gallery  by  means  of  a  bevel  made  above  ground  to  the 

er  angle  (fig.  142).    In  checking,  the  angles  should  be  determined 

careful  geometrical  construction  in  the  gallery  or  measured  with 

"rtrument. 

case   an   unexpected   deviation   is   necessary,    as   to   avoid   an 

»,  it  may  be  made  to  suit  the  conditions  found  and  afterwards 

^.  and  plotted  on  the  chart.    The  necessary  change  to  be  made 
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after  the  obstacle  is  passed,  in  order  to  direct  tbe  gallery  again  on 
the  objective,  will  be  determined  from  the  chart  and  the  proper  bevel 
made  and  sent  into  the  gallery  with  instructions  to  make  that  change 
to  right  or  left  at  a  stated  distance  from  the  last  angle. 

185.  O^radients  are  determined  by  the  field  level.  Points  at  which 
changes  of  slopes  are  to  be  made  must  be  determined  from  the  chart 
and  the  necessary  data  sent  in,  showing  the  point  where  the  change 
Is  to  be  made  and  designating  both  old  and  new  slopes.  In  checking, 
gradients  should  be  determined  with  clinometer  or  transit,  sighting 
from  one  horizontal  angle  to  the  next,  If  It  can  be  done,  otherwise 
taking  as  few  sights  as  possible. 

186.  Pire  vent  ion  of  cavlns  is  accomplished  by  Ilningrii.  In  very 
firm  soil  it  is  sometimes  practicable  to  dnve  small  shafts  and  galleries 
short  distances  without  lining  them ;  but  if  they  are  to  stand  for  any 
length  of  time  there  is  always  danger  of  their  caving  in,  and  especially 
so  if  the  neighboring  soil  is  shaken  by  the  explosion  of  projectiles 
or  mines.  When  it  is  considered,  safe  to  use  them,  unlined  shafts 
should  be  elliptical  in  plan,  and  the  roofs  of  the  galleries  should  be 
pointed  arches.  As  a  rule*  however,  both  shafts  and  galleries  iilionlci 
be  lined.  Those  which  are  permanent  in  their  character,  as  the  main 
galleries  of  the  countermines  of  a  permanent  work,  are  lined  with 
masonry.  Galleries  constructed  during  a  siege  are  lined  with  wood. 
Wooden  llnlnsra  are  of  two  general  types,  known  as  easen^  and 
frames  and  iilieettnir. 

Ca«eB  (fig.  144)  are  of  plank,  6  to  9  inches  wide  and  not  less  than 
li  inches  thick,  as  a  rule.     They  are  formed  as  shown  in  the  figure, 
^he  two  pieces  with  tenons  are  called  stancliioiui  and  are  placed, 
vertically.    The  top  is  called  a  eap  sill  and  the  bottom  a  irronnd  aill. 

In  grand  galleries  the  tenons  at  the  top  of  the  stanchions  are 
usually  shorter  than  the  thickness  of  the  cap  sill,  and  those  at  the 
bottom,  as  well  as  the  mortises  In  the  greund  sill,  are  omitted.  The 
stanchions  are  kept  from  collapsing  by  Mocks  nailed  to  the  ground 
sills.  These  blocks  are  2  inches  thick  and  wide  enough  (about  9 
Inches)  to  guide  the  wheels  of  a  gun  carriage  and  prevent  the  hob 
striking  the  stanchions   (fig.  147). 

In  cases  for  smaller  galleries  also  the  tenons  are  sometimes  omitted 
at  the  bottom  of  the  stanchions,  the  mortises  in  the  ground  sills  cut 
an  inch  or  two  deeper,  and  the  stanchions  kept  from  collapsing  by 
keys  driven  in  the  mortises  (fig.  146). 

Frames  and  aheetlns. — Frames  are  made  of  scantling,  as  shown 
in  figures  148  and  149  lor  shafts,  and  150  for  galleries.  ,  Pieces  of  the 
latter  are  named  as  for  cases.  Slieetlngr  is  of  plank, "sawed  to  the 
desired  length  and  beveled  at  one  end.  Sheeting  should  ordinarily 
be  1  foot  longer  than  the  distances  c.  to  c.  between  frames.  Frame 
distance  is  generally  4  feet  and  t3ie  length  of  sheeting  5  feet.  Round 
stuff  may  be  used  for  frames  and  also  for  sheeting,  though  the  latter 
is  not  easy.  The  middle  of  each,  cap  and  ground  sill,  both  in  frcunes 
and  cases,  is  marked  by  a  saw  cut  or  otherwise. 

For  galleries  of  moderate  size,  in  good  soil,  lining  with  cases  is 
more  rapid  and  gives  ft  smooth  interior.  Cases  require  uniform  and 
fairly  good  lumber,  which  may  not  be  obtainable.  Frames  and  sheet- 
ing can  be  used  for  all  sizes  of  galleries  and  in  all  soils  and  can  be 
improvised  from  materials  at  hand. 

The  cases  of  branches  and  small  branches  are  sometimes  made  very 
strong,  with  a  view  to  resist  rupture  by  the  explosion  of  neighboring 
mines.  Four-inch  planks,  or  even  thicKer,  have  been  used  in  certain 
oircumstances.   . 
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187.  The  following  table  gives  the  dlmeiuitoBfl,  Id  inches,  usually 
adopted  for  the  pieces  of  cajies»  frames*  and  slieettnir*  for  galleries 
of  different  sizes : 


\ 

Cases. 

Frames  and  sheeting. 

Oronnd 
sill. 

Stan- 
chion. 

Cap 
sill. 

Oronnd 
8il1. 

Stan- 
chion. 

Cap 

sm. 

Sheet- 
ing. 

Great  galleries 

Common  galleries 

Half  galleries 

■Branches, 

Ins. 

3 

2 

2 

l^or2 

lto2 

Ins, 
4 

2 
2 

lior2 
lto2 

Ins. 

5 

2 

2 

Uor2 

lto2 

Ins. 

6x4 

6x3 

5x3 

4x3 

3x3 

Ins. 

6x6 

6x6 

5x5 

4x4 

3x3 

V 

Ins. 

6x9 

6^8 

5x7 

4x5 

3x4 

Ins. 
2 

1 
lorl 

Small  branches 

188.  In  flinklngr  a  iikaft  with  framea  and  aheetlnK*  the  size  and 
position  haying  been  fixed,  the  top  fraate*  distinguished  from  the 
others  by  projections  at  each  end  of  each  piece  (fig.  149)  is  laid  down 
and  staked  in  place,  with  the  scores  on  the  end  pieces  accurately  in 
the  desired  asimuth.  The  excavation  of  the  shaft  is  then  begun, 
making  it  enough  larger  than  the  top  frame  to  take  the  sheeting  all 
around.  Usually  the  first  interval  can  be  dug  without  driving  the 
sheeting.  It  is  undercut  so  that  at  the  level  of  the  second  frame 
it  will  be  larger  in  each  direction  than  at  the  top  by  twice  the 
thickness  of  the  sheeting.  Gauge  rods  cut  to  the  length  and  width 
of  the  excavation  and  plainly  marked  at  the  middle  points  should 
be  provided.  The  Inconvenience  of  working  under  the  top  frame 
may  be  avoided  bv  marking  the  sides  carefully  and  digging  the  first 
interval  before  setting  the  top  frame. 

When  the  e^aft  is  deep  enough  the  second  frame  is  put  in  place 
and  nailed  together ;  the  notches  in  the  ends  of  the  side  pieces  turned 
upward  and  those  of  the  end  pieces  downward.  The  top  and  second 
frame  are  connected  by  nailing  to  them  four  battens  of  proper  length 
(two  on  each  side)  (fig.  151),  which  suspend  the  second  from  the 
top  frame  at  the  established  interval.  The  second  frame  is  placed 
vertically  below  the  top  frame  by  using  the  plumb  line  and  the  scores 
in  the  frames. 

The  sheeting  is  inserted  outside  the  top  frame,  beveled  end  first, 
bevel  outside,  and  pushed  down  until  its  top  is  flush  with  the  top  frame. 
The  lower  end  of  the  sheeting  is  held  out  from  the  lower  frame  by 
suitable  wedges,  and  the  excavation  of  the  second  interval  is  com- 
menced. 

In  ordinary  soil  the  sides  of  the  shaft  will  now  require  support. 
Sheeting  is  therefore  introduced  and  pushed  down  as  tne  excavation 
proceeds  (fig.  152),  the  wedges  previously  placed  being  driven  down 
as  the  sheeting  is  inserted. 

If  the  pressure  of  the  earth  becomes  great  enough  to  spring  the 
sheeting  planks  inward,  an  aaxlliary  frame  is  introduced.  This  is  a 
frame  similar  to  the  shaft  frames,  but  from  4  to  6  inches  larger  in 
outside  dimensions  (fig.  153).  The  sheeting  rests  directly  against 
the  outside  of  this  frame,  and  is  thus  held  out  far  enough  to  allow 
the  third  frame  to  be  placed  and  the  wedges  to  be  inserted  as  before. 
The  auxiliary  frame  is  then  removed  and  used  in  the  next  interval. 

Successive  frames  are  placed  in  the  san^  manner  (fig.  151)  until  the 
one  directly  over  the  gallery  is  reached.  Care  is  taken  to  place  this 
frame  at  exactly  the  right  height,  and  the  shaft  is  then  continued 
to  the  required  depth.  A  frame  is  placed  at  the  bottom  with  its  top 
at  the  level  of  the  floor  of  the  gallery  and  the  sheeting  is  allowed  to 
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rest  directly  against  the  outside  of  this  frame.  When  the  soil  will 
allow  It,  the  sheeting  Is  omitted  wholly  or  in  part  over  the  portion 
of  the  shaft  which  is  to  form  the  gallery  entrance. 

If  necessary  the  lower  sections  of  sheeting  may  he  supported  by 
smaller  frames  placed  inside  the  lower  frame  of  the  preceding  sec- 
tions or  below  tnem.  The  shaft  thus  decreases  In  size  from  top  to 
bottom. 

189.  Precautions. — In  sinking  shafts  especial  care  must  he 
taken  to  make  the  excavation  no  larger  than  is  required  for  placing 
the  lining,  since  if  a  vacant  space  is  left  outside  the  lining  the  sides 
of  the  shaft  may  give  way  through  its  entire  height  and' fall  against 
the  lining  with  a  blow  which  will  crush  it  in.  This  has  often  been 
the  cause  of  fatal  accidents  both  in  shafts  and  galleries. 

190.  Partly  lined  mhattm,  1.  e.,  those  in  which  the  sheeting  planks 
are  separated  from  each  other  by  greater  or  less  intervals,  should 
only  be  used  for  small  depths  and  when  they  are  expected  to  stand 
for  a  very  short  time.  They  are  a  constant  menace  to  'the  miners, 
owing  to  the  danger  of  their  caving  in,  and  in  a  much  greater  degree 
to  the  probability  of  stones,  etc.,  falling  from  the  unprotected  parts  and 
seriously  injuring  or  killing  the  men  at  the  bottom. 

191.  Drivingr  a  grallery  ^with  frames  and  sheetingr. — If  from 
a  shaft,  the  direction  of  the  gallery  has  alrtady  been  marked  by  the 
scores  on  the  shaft  frames;  but  it  must  be  verified  by  plumb  lines, 
and  two  small  pickets  driven  on  the  line  of  its  axis,  which  is  located 
exactly  by  small  nails,  one  driven  in  the  head  of  each  picket. 

Two  iranare  rods  are  prepared,  giving  the  extreme  height  and 
breadth  of  the  excavation,  1.  e.,  the  height  of  the  frame  plus  two 
thicknesses  of  top  sheeting,  and  the  breadth  of  the  frame  plus  four 
thicknesses  of  side  sheeting.  The  middle  of  each  gauge  rod  is  also 
plainly  marked. 

A  gallery  frame  is  set  up  against  the  side  of  the  shaft  (fig.  151),  its 
ground  sill  flush  with  the  bottom  frame  of  the  shaft ;  or  its  stanchions 
may  rest  upon  the  shaft  frame  as  a  ground  sill.  This  frame  Is  care* 
fully  located  and  fastened  in  position  with  battens  and  braces.  If  the 
shaft  sheeting  on  that  side  has  been  omitted,  which  can  usually  be 
done,  the  top  gallery  sheeting  is  started  on  top  of  the  cap  sill  and 
driven  until  held  in  place  by  the  earth.  It  is  given  the  proper  up- 
ward pitch  by  a  scantling  laid  across  the  outer  ends  and  held  down 
by  fastening  to  or  under  the  shaft  frame.  The  side  sheeting  is 
started  in  the  same  way  against  the  outer  faces  of  the  stanchions 
and  given  an  outward  slant  by  bracing  the  outer  ends  slightly  away 
from  the  sides  of  the  shaft.  Earth  Is  now  excavated  and  the  sheet- 
ing advanced  all  around,  keeping  the  front  ends  in  solid  earth  far 
enough  to  hold  them  steady. 

In  this  way  the  gallery  is  advanced  one  gallery  interval,  usually 
about  4  feet,  when  a  second  frame  is  placed.  Its  position  is  verified 
by  the  score  marks ;  for  direction,  by  a  line :  for  grade,  by  a  spirit, 
mason's,  or  field  level,  and  for  verticallty,  by  a  plumb  line.  It  la 
then  secured  in  place  by  nailing  battens  to  it  and  the  preceding 
frame.  Wedges  are  inserted  between  the  frame  and  the  sheeting 
and  the  gallery  is  continued  by  the  same  methods.  When  the  sheeting 
is  advanced  only  by  hard  driving  the  frames  are  slightly  inclined  to 
the  rear  at  first  and  are  afterwards  driven  forward  until  vertical. 

192.  If,  while  advancing  the  sheeting,  the  pressure  upon  It  becomes 
60  great  as  to  spring  It,  a  false  frame  (fig.  154)  must  be  used. 

This  consists  of  a  cap  sill,  ground  sill,  and  two  stanchions,  con- 
nected by  mortises  and  tenons.  The  stanchions  have  tenons  and  the 
sills  mortises  at  each  end.  The  cap  sill  is  usually  rounded  on  top  and, 
for  facility  In  setting  up  and  removing.  Its  mortises  are  longer 
than  the  width  of  the  tenons.  The  latter  are  held  in  place  by 
wedges  when  the  frame  is  in  position  (fig.  155).  The  false  frame 
)a  usually  made  of  the  same  height  as  the  common  frames  and,  when 
ig  is  used,  wider  by  twice  the  thickness  of  this  sheeting. 
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When  side  sheeting  is  not  used,  its  outside  width  may  be  equal  to 
the  clear  width  of  the  gallery. 

In  using  the  frame  (flg.  154)  the  ground  sill  Is  first  placed  ac- 
curately In  position  at  a  half  interval  in  advance,  the  stanchions  are 
set  up,  and  the  cap  sill  placed  upon  them  and  wedged.  The  whole 
frame  is  then  raised  about  2  Inches  by  folding-  wedges  placed  under 
each  end  of  the  ground  sill,  and  is  secured  by  battens.  The  sheeting 
will  now  rest  directly  upon  the  cap  sill  and  stanchions  and  have 
enough  inclination  to  clear  the  next  frame  by  its  own  thickness,  as  Is 
required.  The  next  frame  is  then  set  up,  the  wedges  driven  vnder  the 
sheeting,  and  the  false  frame  removed,  which  is  easily  done^  owing 
to  its  construction. 

If  the  gallery  Is  not  started  from  a  shaft,  a  steep  working  face 
must  be  obtained  and  the  first  frame  set  up  and  braced,  in  correct 
position  with  respect  to  the  center  line  marked  on  the  ground.  The 
subsequent  operations  are  as  above  described,  except  that  means  mu43t 
be  provided  to  hold  the  rear  ends  of  sheeting  to  give  them  the  neces- 
sary upward  and  outward  slant,  or  else  a  false  frame  used. 

If  it  has  been  necessary  in  sinking  the  shaft  to  drive  the  sheeting 
on  the  side  from  which  the  gallery  is  to  be  broken  out,  the  gallery 
frame  Is  set  as  before  and  the  sheeting  behind  it  driven  down  until 
it  barely  engages  the  bottom  edge  of  the  cap  sill  of  the  gallery  frame. 
The  top  gallery  sheeting  is  then  inserted  and  partly  driven  as  before. 
The  shaft  sheeting  outside  the  gallery,  stanchions  Is  then  cut  away 
and  the  side  gallery  sheeting  started.  The  middle  plank  of  the  shaft 
sheeting  is  prized  down  with  a  bar  engaged  under  the  cap  sill  until 
free  at  the  top,  when  it  is  pulled  outward  and  removed.  Excavation 
proceeds  through  the  gap  thus  made,  and  as  the  other  planks  come 
free  they  arc  removed.  If  the  earth  runs  too  free  at  any  stage  of  the 
operation  it  can  be  checked  by  short  horizontal  stop  plank  placed 
against  or  inside  the  sheeting  or  inside  the  gallery  frame  after  all 
sheeting  has  been  removed. 

193.  To  continue  the  gallery  in  such  soil  a  shield  (flg.  156)  may 
be  used  to  prevent  the  earth  in  front  and  above  from  caving  into  the 
gallery.  When  the  excavation  at  top  of  gallery  has  advanced  as 
far  as  it  is  safe  to  go  without  causing  the  caving  to  extend  beyond 
the  top  sheeting,  a  piece  of  plank  a  foot  wide  and  in  length  equal  to 
the  width  of  the  gallery  is  placed  directly  under  the  top  sheeting 
and  against  the  face  of  the  excavation  and  is  held  in  place  by  braces 
at  its  ends  secured  to  the  gallery  lining.  The  earth  is  excavated  until 
a  second  plank  of  the  shield  can  be  placed  in  the  8am«  way  as  before 
under  the  first  one.  This  is  continued  until  the  entire  face  is  covered. 
The  top  and  side  sheeting  are  then  driven  forward  and  the  top  plank 
of  the  shield  is  removed  and  replaced  in  advance,  after  which  each 
plank  is  removed  and  replaced  in  succession,  as  above  described. 

194.  Partly  lined  sralleries. — In  very  firm  soil  side  sheeting  may 
be  omitted  entirely,  and  in  that  less  firm  the  side  planks  need  not 
be  in  contact.  When  the  side  sheeting  is  omitted  the  width  of  exca- 
vation may  be  reduced  to  the  clear  width  of  the  gallery  and  the 
stanchions  be  let  into  the  side  wall  flush  with  its  surface.  In  this 
case  the  ground  sills  are  frequently  omitted,  the  stanchions  resting 
upon  wooden  blocks,  stones,  or  directly  upon  the  earth. 

To  save  material,  the  planks  of  the  top  sheeting  are  sometimes 
more  or  less  separated  also.  This  can  only  be  recommended  when 
rapid  and  temporary  work  Is  required  with  limited  materials,  and 
in  these  cases  the  earth  between  the  planks  should  be  supported  by 
packing  of  sticks,  brush,  etc. 

195.  liiclin-ed  grallerieii. — If  the  gallery.  Instead  of  being  hori- 
zontal, is  ancendlngr  (flg.  157)  or  descendingr  (fig.  158),  the 
proper  slope  is  obtained  by  the  use  of  a  field  level  or  a  mason's  level 
properly  marked  or  set  for  the  slope. 

Position  of  frantes. — In  driving  deseendingr  gralleries  bettor 
progress  will  be  made  and  less  material  used  if  the  frames  are  set 
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at  right  angles  to  the  axis  of  the  gallery  (fig.  168) »  and  this  is  the 
usual  custom.  In  driving  ascendlnar  arallertea  this  is  impracti- 
cable and  the  frames  are  set  vertically  (fig.  157).  In  all  other 
respects  inclined  galleries  are  driven  in  the  same  manner  as  hori- 
zontal ones. 

196.  Chansre  of  slope. — To  pass  from  a  horizontal  to  an  ascend- 
ing gallery  (fig.  157)  it  is  only  necessarv  to  give  the  top  shcetins 
the  proper  angle  by  holding  down  its  back  end  with  a  piece  of 
scantling  placed  across  the  gallery  for  that  purpose ;  and,  to  give 
the  side  sheeting  the  proper  inclination,  cutting  trenches  in  the  bot- 
tom of  the  gallery  for  the  lower  pieces  if  necessary. 

In  passing  from  a  horizontal  to  a  descending  gallery  (flg.  158)  the 
roof  may  be  carried  forward  horizontally,  and  the  floor  given  the 
desired  pitch  by  increasing  the  height  of  the  consecutive  frames,*' 
until  enough  headroom  is  obtained  to  allow  the  top  sheeting  for  the 
descending  gallery  to  be  inserted  at  the  proper  height  and-  In  the  new 
direction.  The  frame  at  this  point  is  made  with  a  cap  sill  (upon 
which  the  sheeting  rests  directly),  and  a  second  crosspiece  below  it, 
serving  as  a  cap  sill  for  the  descending  gallery.  From  this  point  for- 
ward the  frames  may  be  set  perpendicular  to  the  axis  of  the  gallery, 
as  previously  stated. 

If  the  descending  gallery  is  very  steep  and  the  horizontal  pressure 
of  the  soil  great,  it  may  be  necessary  to  strengthen  the  stanchions 
of  the  last  two  or  three  vertical  frames  by  crosspieces  near  their 
upper  ends. 

197.  In  changrlnar  direction  korfBontallT  with  frames  and 
sheeting,  if  the  soil  will  stand  for  a  distance  of  one  frame  interval, 
or  even  less,  it  is  only  necessary  to  place  one  or  more  frames  at  an 
angle  until  the  necessary  change  is  secured.  The  sheeting  on  the 
outside  is  placed  by  running  the  forward  end  past  the  frame  and 
then  inserting  the  rear  end  behind  the  last  bay  of  sheeting. 

If  the  sides  require  constant  support,  the  outer  one  may  be  con- 
tinued in  the  old  direction  until  the  wedge  left  is  thick  enough  to 
permit  the  sheeting  to  be  driven  in  the  new  direction.  A  short  bay 
may  be  put  in  to  reduce  the  amount  of  work  to  be  done  (fig.  161). 
Frames  with  extra-long  caps  and  sills  are  reguired.  and  the  last  one 
used  Is  given  an  extra  stanchion  on  .the  outside  to  take  the  sheeting 
In  the  new  direction. 

For  abrupt  changes  of  direction  in  large  galleries  it  is  customary 
to  drive  in  the  original  direction  entirely  past  the  turning  point  and 
then  break  out  a  gallery  in  the  new  direction.  A  gallery  starting 
out  from  the  side  of  another  is  called  a  retnm,  and  is  rectanarnlar 
or  oblique,  according  to  the  angle  made  by  its  axiR  with  that  of 
the  original  gallery,  which  is  called  the  spaUerr  of  departure. 

That  the  return  may  be  broken  out,  the  Interval  between  the 
frames  of  the  gallery  of  departure  at  this  point  must  be  such  as  to 
admit  between  the  stanchions  a  frame  and  the  side  sheeting  of  the 
return  (fig.  165).  This  part  of  the  gallery  of  departure  is  called  a 
landing  and  its  floor  is  made  horizontal. 

If  the  return  is  oblique  (fig.  166),  its  width  measured  along  the 
gallery  of  departure  will  be  determined  by  an  oblique  section,  and 
may  be  so  great  that  the  strength  of  the  lining  of  the  gallery  of 
departure  will  not  allow  the  necessary  length  of  landing.  In  this 
case  a  short  rectangular  return  is  first  broken  out  from  the  side  of 
the  gallery  of  departure  and  the  new  gallery  Is  broken  out  from  the 
side  of  this  return  (fig.  167).  The  latter  method  diminishes  the 
length  of  the  landing  when  the  change  of  direction  is  less  than  45". 

The  floor  of  a  return  is  started  at  the  level  of  the  floor  of  Its 
landing.  In  firm  soils  which  will  stand  for  a  short  time  without 
support  the  first  frame  may  be  set  up  entirely  outside  the  gallery 
of  departure  (figs.  166  and  167)  and  may  be  of  the  same  height  in 
clear  as  this  gallery.  When  the  soil  is  bad,  however,  and  side  sheeting 
is  required  In  the  gallery  of  departure,  the  first  frame  of  the  return 
must  be   set  up  against  this  sheeting  in  the   interval  between   the 
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rauMsd  to  tbe  proper  h«i^t  by  iredga.  The  paxt  <tf  tte 
whirh  projects  in  advance  Ls  nuuie  2  incbcs  h^ii^  tiHK  tte 
parr,  to  npport  tbe  cap  sill  aomew^hat  ab^vre  its  ibal  ferel^  99  ms  to 
alMw  tbe  tenons  of  the  sranchioiis  to  be  casfly  inserts^  Tlie  rtar 
pji  t  of  the  croflspiece  is  artaciied  to  the  aDrizht  bf  ma.  iraa  rod  or 
short  chain.  The  vme  at  the  cntccii  is  ilinscrated  in  figure  1<H. 
Wh4»n  the  ease  is  set  and  adjusted  to  position  the  cmtches  are  taken 
d«>wn  bj  remoiTfBs  the  wedges,  and  are  replaced  oader  tits  next 
cap  aQI. 

In  Terr  Itm  soQ  Aafts  and  galieri<>s  are  fte^ui^tlj  diJisa  with 
ca.<4«>s  not  ia  Jnxtaporitioiu  bat  separated  by  gieateit  or  less  intprrals. 
Pieces  of  jfiaakm  Iwhicii  may  he  parts  ol  cases »  placed  TPrtieally  and 
re^-^ing  against  the  sides  and  ads  of  the  cases  ta  *r%sf^  or  hori- 
x*,atai'Aj  and  resting  upon  the  cap  aiUs  ia  galleries  and  soosewhat  sepa- 
rared  trwa  each  otner,  may  be  as4>d  to  sapp*>rt  tiie  earth  between  the 
ca^es.    The  same  remarks  applr  to  this  constnKtioa  as  to  tike  siml- 


lar  one  sometimes  osed  irb^  miTtlag  with  frames  and 
2fff^,  ClutmWP^  off  directfAW  im  smUevlcs  lisM« 

SIis;ht  changes  in  dir^crion  in  a  horizontal  plane  can  be  easily  and 
gradually  nmde  by  setting  eadi  case  a  lit^  obUqvelv  to  the  one 
prrc»>ding  it  and  separating  the  stanciiioas  on  one  side  while  they 
toiK  h  OS  the  other,  snpportmg  the  roof  in  the  wedge-shaped  openings, 
if  necessary,  with  pieces  of  wood,  etc  ffig.  16^).  For  an  abrupt 
change  it  ia  better  to  break  oat  a  Rctangnlar  return  from  tlie  side  of 
the  gallery  and  pass  from  this  into  the  required  directioa  }ij  gradual 
change. 

If  the  return  is  to  be  of  the  same  height  as  the  gaUeiy  of  de- 
parture, the  cap  sills  of  the  latter,  for  a  distance  equal  to  the  width 
of  the  return,  are  liftt'd  off  the  tenons  of  the  stanchioas  by  struts 
and  wedges  and  the  firnt  ca.'<e  of  the  return  is  set  as  in  breaking  out 
from  a  riuift ;  the  ground  sill  is,  however,  narrowed  by  the  thickness 
of  the  stanchions  of  the  gallerj  of  departure  so  that  the  face  of  the 
case  of  the  return  is  flush  with  the  inside  of  the  gallery  of  departure 
aod  the  ends  of  the  rap  sills  of  the  latter  rest  upon  the  cap  sill  of  the 
flrHt  case  of  the  return. 

In  passing  from  a  horizontal  to  a  descending  gallery  the  change 
may  be  made  grarlually  In  a  manner  similar  to  that  described  for  a 
change  in  horizontal  direction  (fig.  169),  and  the  cases  remain  normal 
to  the  axis  of  the  gallery. 

To  pass  to  an  ascending  gallery  bv  the  method  abore  described 
would  reoaire  the  earth  at  the  face  oi  the  gallery  to  be  undercut  in 
onl<'r  to  introduce  the  case,  and  this  undercutting  would  continue  so 
long  as  the  cases  were  normal  to  the  axis  of  the  gallery.  This  con- 
st rijctf  on  is,  aH  a  rule,  impracticable.  In  ascending  galleries,  there- 
fore', the  caMes  are  set  with  their  stanchions  vertical,  while  their  cap 
and  tf round  sills  form  steps  in  the  slope  of  the  roof  and  floor  of  the 
gallery  or,  for  convenience  in  settihg  up,  the  ends  of  the  stanchions 
may  receive  the  proper  bevel  (fig.  155),  while  the  sides  of  the  tenons 
ami  mortises  are  made  parallel  to  the  sides  of  the  stanchions. 

201.  Hate  of  vrorlcingr* — ^The  following  table  gives  an  estimate 
of  the  men  and  tools  required  for  shafts  and  galleries,  with  the  prob- 
able rate  of  advance  in  good  soil. 


FIELD  F0&TI7IGATI0H. 


iO(i 


Kind  of  gallery, 
etc. 


Great    gallery    or 

blind  gallery 

Common  gallery. . 

Half  gallery 

Branch  gallery 

Small  branch 

Shaft 


Men. 
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o 


}' 


.9 


U2 

4 
S4 


64 


Tools. 


.a 


•a 
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2 
2 
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09 
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,24 
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I 
1 
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»1 


,25 
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1 
1 
1 

(0 
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CO 
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Is 
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CO 
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d 
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o 
Is 


1 
1 
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I 

I 


12 

12 
16 
24 
30 
to 
36 
18 
24 
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1  Four  of  these  mav  be  unslrilled  laborers. 

<  Number  required  at  commencement  of  gallery.  Beyond  4  feet  add  one  man, 
and  one  additional  for  every  20  feet  of  gallery. 

8  Instead  of  a  truck  a  canvas  bag  may  be  used.  A  large  hoe  or  drag  may  be  used 
to  draw  back  the  earth  from  the  race  of  the  gadlery. 

*  One  mason's  level. 

&  These  numbers  are  for  small  shafts  of  about  2  by  4  feet;  large  shafts  require  a 
larger  force.   They  advance  at  about  the  same  rate  as  galleries  of  equal  cross  section. 

202.  Ventilation. — A  gallery  can  not  be  driven  more  than  60 
feet  without  artificial  ventilation.  The  only  possible  way  of  ven- 
tilating a  gallery  with  a  single  opening  is  to  force  fresh  air  into 
the  working  breast,  which  may  be  done  through  a  duct  of  wood  or 
metal,  or  through  a  canvas  or  other  hose.  A  presmire  l»lo^wer, 
worked  by  hand  or  power,  is  among  the  essential  items  of  a  mining 
equipment.  For  excavations  of  moderate  extent  a  portable  torge  will 
form  a  convenient  ventilating  device.  If  a  gallery  passed  under  sur- 
face cover  a  drill  hole  made  through  the  roof  and  breaking  the  sur- 
face under  protection  of-  the  cover  may  be  used  to  promote  ventilation. 

In  a  ffy-Ntem  of  srallerie*,  having  two  or  more  outlets,  air  may 
be  exhausted  from  one  and  drawn  in  through  the  other.  Screens  or 
doo)*8  may  be  arranged  to  compel  the  desired  distribution  of  fresh  air. 
Vacuum  operation  will  never  be  so  satisfactory  as  plenum.  If  there  Is 
considerable  difference  of  level,  as  a  shaft  or  rapidly  ascending  gallery, 
a  fire  built  at  or  near  the  upper  outlet  will  create  a  current  through- 
out. 

In  urgent  cases  a  man  may  enter  and  even  work  In  a  gallery  which 
can  not  be  ventilated  by  providing  him  with  a  mask  covering  the  nose 
and  mouth  and  supplying  fresh  air  through  a  hose  or  from  a  reservoir 
of  compressed  air  carried  with  him. 

203.  Drainaare. — Much  water  is  not  likely  to  be  encountered  in 
military  mining,  but  what  there  is  must  be  taken  care  of,  or  it  wtu 
collect  at  the  lowest  point  and  flood  the  mine.  If  water  snows  Itself 
or  is  suspected,  dead-level  galleries  must  be  avoided,  and  all  slopes 
should  fall  toward  a  point  or  points  where  the  water  can  be  disposed 
of.     If  the  mine  has  a  level  outlet  nothing  Is  required  except  to  so 
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regnlale  thp  slopes  that  all  water  will  ruD  to  the  mouth.  If  th?  mine 
is  entered  by  a  shaft,  a  nit  or  aump  must  be  formed  at  the  botttxn 
Into  which  water  can  collect,  and  from  which  it  can  be  raised  to  the 
Burface  by  pumping  or  balling.  A  slope  of  1  per  cent  will  usuallf 
Eufflce  tor  drainage  If  the  Qoor  of  the  galler;  la  sloped  laterally  and  s 
fairly  smooth  gutter  formed  along  one  side. 

11  an  interior  low  point  can  not  be  avoided  a  sump  must  be  made 
there  and  the  water  carried  out  lb  buckpta  or  forced  out  with  a  pump. 
For  low  Ufta.  20  feet  or  less,  a  very  efficient  form  of  hand  pump  for 
drainage  purposes  Is  shown  la  Sgure  110.  A  very  good  pump  may  be 
made  as  shown  In  figure  171.  The  only  materials  required  are  wood, 
leather,  cotton  cord,  rivets,  tacks,  and  nalla.  This  pump  will  lift  eey- 
eral  feet  without  difficulty  in  addition  to  the  nxual  suction.  It  re- 
qaires  copious  priming  unless  the  sucker  can  be  made  to  reach  the 
water  at  the  lowest  point  of  Its  strike.  It  la  usually  worked  with  a 
qiring  pole  (llg.  172). 

204,  Mining  llluininiiliau. — Owing  (o  the  restricted  dimensions 
of  the  galleries,  ordinary  lamps  can  not  be  used  without  the  atmos- 
_i • . i.t-..j       During  the  day,  as  far  as  posEthtF^    BOlar 


Eg! 


;ht  Is  used,  defipcled  by  mirrors  or  by  panels  whitened  wllA 


night  strong  rellector  lamps  are  placed  oulalde  the  galler 
c  Iftht  renders  - -'—    '-"-  -*  "■-  '■— •  -'  •■- 


,. .    especially  at  the  head  of  the  gallery, 

lighted  by  means  of  incandescent  lamps  led  by  a 
dynaino  In  the  approach  galleries.  The  conducting  wires,  protected  by 
troughs,  are  buried  in  the  bottom  of  the  trrnch.  Numbers  of  small 
hand  flashlights  arc  found  valuable  for  personal  use  by  the  soldiers, 
205.  Tbe  mtn«  chamber  should  be  nearly  cubical  or  a  cylinder 
»itb  leogtli  about  equal  to  diameter.  It  it  is  to  stand  for  some  time 
before  loadintor  if  of  large  aiie.  its  sides  and  top  most  be  supported 
by  H  lining.  Tbe  chamber  Is  frequently  no  more  tban  so  much  of  the 
end  of  ■  gallery,  branch,  or  drill  bole  as  is  necessary  to  contain  the 

Figures  173  and  17t  show  typical  forms  of  earth  augers,  the  former 
nsed  by  ramming  and  tbe  latter  by  turning.  Each  must  be  withdrawn 
When  fall  to  dispose  of  the  earth. 

20e.  A  mllKarr  uploslve  for  demolltloBa  should  be — 

1.  Not  too  sensitive  to  shock  or  friction. 

2.  Of  a  high  velocity  of  detonation. 

3.  Of  high  power. 

4.  Of  high  density. 

5.  Btable  In  character. 

6.  Not  too  difficult  of  detonation. 

T.  Unaifecled  by  changes  of  temperature  and  molstoic. 

8.  Convenient  In  form  for  packing  and  loading. 

9.  Obtainable  In  large  quantities Tn  the  Ualteif  States. 
The  antlioriied  riploslve,  Triton,  meets  the  above  standard 

■nore  nearly  than  any  other  explosive  known.    It  must  be  recognlted, 
however    (hat  there  are  many  other  eiplosivp"  •"-'>'■  "—i  """-»  li-  '*■*- 


"upprlcir  vjiii'c  '"i"  ''""ii' special  purposi 


and 


Triton  (Trinltcotolnene)  is  produced  in 
light  yellow  color.  It  melts  at  60°  C 
isea  to  n  density  of  1.48.  arc  Issued  In  two 
rk.  weighing  one-half  pound,  and  tbe  IHton 
pound.  ICach  form  of  triton  Is  iseued  copper- 
..^iinrfriMii  hole  to  receive  the  detonating  cap 
This  cap  bole  Is  closed  with  a  cork 


FIELD  FOBTIFICATIOR. 


«M  EHOIHEEK   PIBLD   X&Z1IAI.. 

>■  &  precBudon  BgalDsC  molHiure.  The  purpoee  of  copii 
black!  1*  hi  protnct  tbe  trllon  rrom  moK^ure  ancl  also  f 
HoUture  tery  much  rodueeg  the  •trength  of  tritoi 
tDHDBltlve  and  can  be  cut  with  b.  knife  or  other  at 
due*  Dot  form  vxplimiva  xalls  wltb  metallic  oildea.  ana  ouma  m  smt^ 
quiutlllM  tiltb  a  very  smoky  flame  without  eiplodlne.  In  lane  qnat 
fltlefl  tbure  )M  danger  of  eiploslon  If  beat  la  auddenly  apfJied.  U 
melted  and  isal,  It  bui  a  density  of  1,6.  In  all  torma  trltm  it  ~- 
aenaltlve  and  rwjulreii  a  powiTful  detonating  agent.  The  Ioobf  crysts.- 
aro  tbe  moat  ■vimltlve  form,  and  the  cast  tritou  the  lemat  sefiur.r,* 
It  la  noleworlhy  (bat  a  hooatlug  charge-ol  loose  crygtalline  triion  ir: 
detuDHie  vumprr^HiH^  Irltun  (■■  laaaed),  and  compreaaed  tritou  <r. 
detopale  vaat  triloii,  I'olHonoua  gaeeri  are  produced  on  det(»>Iiiiii  l>.- 
•r«  aa  rapidly  dlaalpaced  aa  to  be  barmleaa  In  open  air.  Xrittni  :.v 
bowarer,  mwafe  for  uae  upderground  or  where  eiploslre  gases  ^r^ 
Dreaeul.  If  dirlODated  Dodergrouud,  carboo  monoxide  Is  formed  i-ii 
Uleaa  llili  polaanoua  uia  la  i-emoved  by  veatlladoD.  tbe  men  who  csi>-; 
n  uudei'gruUQd  work  In  which  trlton  hna  been  detonated,  are  Id  graT^ 
anger,    lla  uae  In  underucound  workluga  la  InadTleaMe.  and  tbe  prc- 


wllh   laru,   pulling   the   nulla   wltb   very  little  bammerlng  or  «ib«   ' 
vlioroua  liuj.rlling   of   lb.>   b"<eH.  i 

Thn  uopitiipiilnilnB  hSH  llltle.  If  any,  efFi^ct  upon  tbe  aeiuitjTe 
neaa  or  power  ot  llie  trllon.  If  Iritou  la  turnlabed  uncopperplated  ii 
muBt  b-)  BcrupulouBly  jirud'cled  from  molaturr;.  Triton  can  be  aurPlr 
detoniited  only  wUh  tbn  tetryt  rajia  or  detonating  cord.  HoweTer.  ob' 
box  of  l]'l(i>n  will  dPtonnie  trllon  In  unopened  boxea  placed  agaJaat 
tbe  primed  liui. 

Value.- -Trllon  la  of  blub  power,  aafo  to  handle,  and  can  be  Buralr 
detonatnd  by  lb»  iiron'rllu'd  di-tuuatorH.     It  la  produced  In  large  quan- 

Trltan  la  iiw-d 
the  DameTollli- 
man  It  tea  Wi. 

2U8.  PicralPH,  -Clerk  ncW  la  formed  In  crystals  of  a  llgbt-yellow 
color.  melU  at  1'.!^'  I'.,  and  liuma  niovly  with  a  Ugbi  yellow  flami'. 
In  contact  wltb  iiu'liila  It  forma  hltfhly  aenaltlve  and  dangerous  me- 
tallic p!ci'at<-a.  It  la  Hlilpp»d  la  wnodnu  boxea  lined  wltb  paper.  It  Is 
of  allKbtly  higher  unwar  (ban  trlton.  If  bentcd  BUdilenly  it  will 
explode.    MolHluru  ri-ilibwa  the  wliHltlvi-ncaa  and  power  of  pfcrlc  acid. 

V«lne,— Very  aluilliir  In  trlton.  but  not  aa  alable,  and  also  dan- 
BBrnnii  )f  In   ninlyi'l    wllh    Inelnln. 

t   tbi-  Krencb  In  tbe  form  ot  Melinite. 


aiiuili     Water  destroys  tbe  p 


nalderable 
nil  la  or  conauerHUIc  military  uae  in  land 
liiTi'  Iliorougb  tamping  la  poaalble.  Tbe 
I    lOniillHb   iKibblnlte   Is   iKsontlally   a   guD- 

loaivea-  la)  fttratvlit  drnanaltca — -Ka- 
_  ,.,  .lie  tlnllM  Slalea  as  16,  ■20.  26,  30.  35, 
Tier  ciml  dyniiiultea,  iit-<-i>rdlDg  to  tbe  proportion 

sulphur,  <•!'■. ),  aodlum  nitrate,  and  calcium 
Mtiy  per  coot  alralght  dynamite  Is  equal 
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in  power  to  trlton  weight  for  weight*     Dynamite  is  famished  In  \ 

sticks,  wrapped  in  paper,  of  about  0.5  of  a  pound  each.     The  sticks  j 

are  packed  in  wooden  boxes  of  two  sises  containing,  respectively,  26 
and  50  pounds.  Forty  per  cent  dynamite  is  the  grade  most  fre- 
quently encountered.     The  higher  grades  are  exceptional. 

Direct  contact  with  water  brings  about  separation  of  the  nitro- 
glycerin, and  this  constitutes  a  source  of  danger  when  the  explosive 
is  used  in  wet  places.  Its  liability  to  freeze  is  another  source  of 
danger.  Very  strong  detonators  are  required  to  explode  it  when 
frozen,  and  though  In  this  condition  it  is  fairly  insensitive  to  a  blow, 
breaking  or  crushing  are  distinctly  dangerous  operations.  Thawing 
must  be  conducted  with  great  care  in  a  specially  constructed  double 
boiler  provided  with  a  Jacket  for  hot  water  (fig.  178).  Should  exuda- 
tion of  nitroglycerin  take  place  during  thawing,  this  will  introduce 
an  element  of  danger  in  ramming. 

During  storage  it  must  be  protected  from  dampness  and  from  heat ; 
even  sunlight  must  be  avoided. 

Value. — Dynamites  are  of  high  power  and  are  readily  obtainable. 
They  are  sensitive  to  shock,  deteriorate  in  storage,  and  freeze  at 
about  40"  F. 

(b)  Ijomr  freeslniir  dynamites — Nature. — Similar  to  straight 
dynamites,  except  not  frozen  at  temperatures  above  35 **  F.  Sold  in 
the  United  States  as  30,  35,  40,  45»  50,  55,  and  60  per  cent.  These 
percentages  represent  the  proportion  of  nitroglycerin  plus  nitro- 
substitution  compound.  The  other  ingredients  are  as  noted  for 
straight  dynamite.  The  exact  freezing  point  of  these  dynamites  can 
not  be  exactly  stated.  In  practice  they  have  seldom  been  known  to 
freeze  above  0°  F.,  and  in  special  tests  have  remained  unfrozen  at 
temperatures  as  low  as  minus  40**  F. 

Value. — Similar  to  straight  dynamites,  with  added  value  due  to 
low  freezing  properties. 

(c)  Blastlngr  grelatlu — Nature. — ^Blasting  gelatin  is  composed 
of  90  to  93  per  cent  nitroglycerin  and  7  to  10  per  cent  collodion 
cotton.  It  is  furnished  commercially  in  a  jellylike  mass,  packed  in 
metal-lined  wooden  boxes.  It  is  less  sensitive  than  straight  dynamite, 
liable  to  freeze,  and  is  one  of  the  most  powerful  explosives  known. 
It  is  not  affected  by  moisture. 

Value. — Blasting  gelatin  has  been  largely  replaced  by  the  gelatin 
dynamite,  but  is  a  reliable  explosive  of  very  high  power,  about  2.1 
times  as  powerful  as  triton. 

(d)  Gelatiu  dynantUe — Nature. — This  explosive  is  formed 
from  blasting  gelatin  by  the  use  of  an  absorbent  to  solidify  the 
gelatin  and  thus  make  it  more  convenient  for  use*  It  \b  sold  in  this 
country  as  30,  35,  40,  50,  55,  60,  and  70  per  cent  gelatin  dynamite. 
The  actual  percentage  of  nitroglycerin  in  each  of  these  dynamiten 
is  about  10  per  eent  leas  than  the  nominal  quantity  given.  The 
other  ingredients  are  nitrocellulose,  sodium  nitrate,  combustible  ma- 
terial (sulphur,  flour,  wood  pulp,  etc.),  and  calcium  carbonate. 
Gelatin  dynamites  are  of  about  10  per  cent  less  power,  weight  for 
weight,  than  straight  dynamite  of  the  same  nominal  percentage. 
Sixty  per  cent  gelatin  dynamite  is  equal  to  triton  in  power,  weight 
for  weight.  Freezing  of  gelatin  dynamite  is  a  fault  as  in  all  other 
nitroglycerin  explosives.  It  is,  however,  unaffected  by  water  and  is  the 
most  useful  of  the  commercial  dynamites,  especially  adapted  for  use 
In  tunnel  driving. 

Value. — Gelatin  dynamite  is  comparatively  stable,  adapted  to 
work  under  water,  is  of  high  power,  and  is  used  in  great  quantities 
in  this  country. 

(e)  Ammonia  dynamite — Nature. — This  dynamite  is  sold  in 
five  grades  in  this  country — 30,  35,  40,  50,  and  60  per  cent.  The 
nitroglycorin  plus  the  ammonium  nitrate  in  each  grade  varies 
slightly  from  tne  percentage  given  except  for  the  30  per  cent  grade. 
For  the  60  per  cent  grade  the  variation  amounts  to  about  plu"  ^ 
per  cent.  The  other  ingredients  are  sodium  nitrate,  calcium 
bonate,  and  combustible  material. 


ehodieeb.  field  mahttax. 
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niHllpB,    roinpttrpd    wLih    othpr    djnarnltes,    have    the 
tiiklng  up  nmlBturc  vpry  readily.  bpeaoKc  atoroODlnm 
-  —Qt,  and  care  Hhoold  be  obaeryed  when  they   are 
■t  plareB. 

-..flinla  dynamltra  are  distinctly  auperlor  to  other  (Jyna- 

ti^^  t«1v  t\»r  vc  unaertrroDDd  In  tbc  preacnce  of  einloBlTe  ^ees. 
■,ir  u^i-  aud  Miorage  where  eipoBod  to  molBture  tends  to  destroy 
..r  u.™,T.  They  arp  used  eitenBivply  in  eoal  mlDini:  In  the  United 
*u«.  Thp  low  fret'rfns  ammonia  dynamiteji  are  of  great  Importance 
IK,'  pn-sent  time.  T&e  higJi  prtic  of  elyrprin  han  led  to  the  use 
I^u>  i-laAi  of  dynamite  wherever  water  Is  not  encountered. 
Ill    KKploalvra  for  nae  In  roal  mlnra  or  rlnf^wliere  la  Ike 
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irare  limit 
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air. 


■  well  a 


luded    I 


■oglyceiin  pero 
It  Is  notable  that  Knnpawdcr,  trlton.  pivrli?  Bcld. 

.ploalTc  "   has 
of  eiploBlvea 


N*rv  little  military  algnlflcance. 

V«l»r,— The  ftreat  eitent  of  the  ui 
■ukH  Itiem  of  military  latac. 


o  the] 


—This  elasa  of  eiploaiTea,  de- 


fvTceotage  of  t 


—The 


Lpeclal   type  of   this   elasB. 

iltrotoluoi.     All  of  these  eiploslses  are  very  delt- 

'reated  by  the  preaent  war  have 


msitlv< 

conomic  condltii 
of   giy<     ■ 


Vat  Be. 

IrtOalTps  te  romtng  rapidly 'l at o  promlueni 
•iploRlve  la  being  ufi«d  an  a  hurnting  cbarRe  for  proJectlleH  by  both 
(IWUM  of  combatants  In  the  present  war.  It  Is  notable  that  the  anly 
■alnl  of  Inferiority  of  Belrcted  types  of  this  group  for  Dillltary  use 
■      nPHH  to  mnlrture. 

I-   <-i|ilni>i<Fii — Rsturr. — This  groop  of  eiploslveB, 
iii\iij[.'  irl  ji  metallic  chlorate  (sodium  or  pniaBaium) 


)r   oil    Is 

ig  hard,  and   la 

chlorate  eiploslvea  reodered  reaaooably 
of    Bprengel   and    IbsdIdb   the   chlorate 
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;tenalvely  In  America. 
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ih    which  are  dipped  Just  be^ 

ilefly    ( 

it   byilrocnrboae    from 

.e  two.     The 

■  chion 

ite  cartridges  are  In- 
!  are  Placed  In  a  wire 

ID  1  before  use  the«( 

ring  balance 

and  dippe.!  into  a  pall  eoD- 

'""ir. '?.,". 

thirrt 

of  the  weight  of  the 
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The  objection  has  been  raised  to  Sprengel  explosives  of 'this  sort 
that  the  impregnation  Is  not  uniform,  and  the  results  obtained  are 
consequently  unreliable. 

Value.— These  explosives  of  the  Sprengel  type  are  of  some  military 
value,  but  have  serious  disadvantages,  as  noted,  and  in  addition  re- 
quire considerable  time  to  impregnate  the  chlorate  properly  before  use. 

212.  Guncotton — Nature. — ^This  explosive,  manufactured  by  the 
nitration  of  cotton  waste,  is  either  molded  in  small  cylinders  or  fur- 
ther compressed  for  use  in  military  demolitions  into  blocks  or  cylin- 
ders of  a  density  of  from  1.05  to  1.2.  Guncotton  must  be  kept  mol.st 
and  is  then  highly  insensitive.  It  requires  a  priming  charge  of  dry 
guncotton  for  detonation.  It  is  about  1.2  times  as  powerful  as  triton, 
weight  for  weight. 

Value. — Guncotton  Is  of  high  power,  easily  obtainable,  but  the 
necessity  of  using  a  priming  charge  of  dry  guncotton  and  its  low 
density  are  disadvantages.  It  is  used  abroad  to  some  extent  as  a 
military  explosive  for  demolitions. 

213.  Smokeless  po'ivder — Nature. — ^This  explosive,  used  so 
commonly  as  a  propeflant  for  projectiles,  is  liable  to  deteriorate  in 
storage,  and  in  storage  must  be  guarded  from  ignition.  It  is  difBcuIt 
to  detonate  and,  as  it  has  a  low  velocity  or  detonation,  must  be 
thoroughly  tamped  for  successful  use  as  a  demolition  agent.  It  has 
about  1.2  times  the  power  of  triton. 

Value. — ^The  large  production  of  this  powder  In  the  United  States 
may  call  for  its  use  in  emergencies.  The  same  instructions  given  for 
sunpo-wder  apply  to  smokeless  powder.  It  can  only  be  used  effect- 
ively where  thorough  tamping  is  possible,  as  in  land  mines,  etc. 

214.  Tlie  formula  given  hereafter  for  triton  in  each  case  gives 
the  number  of  one-l»alf  pound  triton  blocks  required.  To  obtain 
the  pounds  of  the  following  explosives  to  do  the  same  work,  multi- 
ply N  (the  number  of  one-balf  pound  triton  Mocks)  by  Li 
as  given. 


Explosive. 


Picric  add 

Gun  powder (if  well  tamped) 

Stiaignt  dynamites:    - 

15  per  cent 

20  per  cent 

25  per  cent '. 

90  per  cent 

35  per  cent 

40  per  cent 

46  per  cent 

50  per  cent 

65  per  cent 

60  per  cent 

Low-neezlng  dynamites  (same  as  Straight  dynamites). 

Blasting  gelatin : 

Gelatin  dynamite: 

30  per  cent 

35  per  cent 

40  per  cent 

50  per  cent 

55  per  cent 

60  i)er  cent 

70  per  cent 

Ammonia  dynamites  (same  as  gelatin  dynamites). 
Cholrates: 

Rack-a-rock 

Guncotton 

Smokeless  powder (If  well  tamped) 


li. 


0.60 
1.80 

.84 
.78 
.74 
.68 
.62 
.68 
.54 
.50 
.48 
.45 

.26 

.74 
.70 
.66 
.60 
.56 
.52 
.48 


.78 
.41 
.4f 
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m^"         ^, 


•    ^ 


y     * 


rat   .^ 


0       '  f 
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'/     ' 
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»f  /  '/•r**'. 
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24 

36 

48 

<M) 



72 
96 

»MM"|   ht   mIimimmI  wli»ii  ttfliltttiK  Ihn  ftiwc  of  the  initial  charge 
'hil  1 1   III  tliMiMi"  Ml  W  i1oiniin(i><1  Ity  Induced  detonatioD.     The 
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Fig.  182 


FlS.  184 


Fig.  185 


Tbh^h. 


incoTMct  Joint  with  OoM. 
Fig.  186a 


jng.  186 


Cetdibhott. 


.'-*!**•*** 


ZHOIHEEB   XTEJJ)   MAHDAL. 


flrlns  part  J.      Figure  18 

ting  a  number  of  posts. 

FiRure  1S8  gbows  the 


1  tDto   SD   nnpro- 

8  sliowH  tbe  use  of  Induced  detonation  In  cnt- 
9  the  use  of  Induced  dctOQRtlan  in  cuttlne  a  nnm- 

iDducPd  detonation  of  chnrges  makes  possible  the  arrangement  of  a 
sImultaDenua  detouatloD  wltbout  the  uae  of  either  Instantaneous  tase 
or  electricity. 

2S4.  As  Doted  bereafteF,  charKes  mnat  be  arranged  BB  com- 
pactly SB  possible  to  attoln  the  full  titftt  of  the  explosion.  Nererth^ 
less,  triton.  both  copperplalpd  aod  noncopperplaled,  can  be  succ<?s 
tullr  detonated  even  when  packed  In  the  orlgtnaJ  unopened  wooden 
containers  and  placnJ  benlde  a  boi  of  triton  that  Is  then  detonated. 
Figure  190  shows  an  actual  teat  In  which  19  boxes  of  triton,  eack 
containing  108  blocks,  or  S4  pounds,  of  triton.  were  detonated  by  th( 

to  BltBin   detonation   of   certain    eiploslrea 
...      For  instance,  one  of  the  most  useful  eipf 

__    ___    _   __    fleure    191.      Here   a   serrlce   carlJ-idge   with    file 

ftullet  extracted  !s  uxed.  The  cap  end  of  the  abell  Is  seated  deeply  in 
the  dynamite.  The  powder  taken  from  the  shell  Is  formed  in  a  trala 
la  flhown.  Ignlllon  of  the  train  of  powder  with  a  match  leads  to 
the  detonation  of  the  shell  cap  and  dyaamlte.     Dynamite  of  40  p^r 

228.  Detonation    of  eiploalveB  other  than   triton   can   be   otMaiiied 
In  a  similar  manner  to  that  Riven  for  triton.      In  genprHl,    the  mos' 
nnworfiil  iletonatora  obtainable  should  be  used.     The  use  of  powerful 
_ .  increases  the  power  of  the  detonation  of  an  eip!osl»e.     At 
No.  S  deCooating  cap  should  be  used  with  all  classes  of  dyu- 

'.  Slmnltaneaoii    Itrnltloiiii. — When   a  total  blast  Is    divided 
i  number   of  charges  it  is  impnrtant  that  all  should   go  at   th<>    ' 
instant.     This  will  not  be  easy  with  time  (use,  and  that  method 
lot  be  used  ^mJefn  absolutely  necessary.     If  it  is  used,  certain  pre- 
iFOid  total  failure.    The  fuse  must  be  so 


19.1  show  typical  arrangements.     The  fuse  need  not  be  In  straight  lines, 
but  must  be  laid  out  so  that  spftrks  from  the  burning  end  can  not 
reach  any  part  in  front  of  It.     Though  not  alisoliitelv  neccsnary  wllh 
InBlantaneouB  fuse.  It  Is  well  worth  while  to  make  different  lines  as    ■ 
Dearly  equal  in  ]eo!!th  as  poxslble. 

In  slmuilaneous  igniHons  by  electrlclfy  the  (uses  are  connected  in 
■erlest  that  is  to  say,  they  are  all  placed  in  the  same  circuit,  figare 
194.     A  lead  from  the  HrioR  apparatus  ia  connected  to  one  wire  of  a    . 
fuse  on  one  flank.    The  other  wire  of  this  fuse  Is  connected  to  a  wire    ' 
of  the  next  fuse,  aod  so  on.  until  the  last  fuse  is  reached,  the  second 
wire  of  which  is  connecteii  back  by  a  lead  io  (he  firing  point. 

PlBurea  lOT  and  108  show  melhoilB  of  Jointing  wires;  the  former,    i 
for  temporary  use,  as  a  iead  to  a  fuse  wire ;  the  latter,  for  more  per- 
mnn™t  uw.     The  ends  of  the  wires  must  always  be  brightened   br    I 
~«<iiii]L    with  a  llnlfe  or  otherwise.     To  iasulatc.  wrap  with  rubber 
'i|>luu  ™ell  onto  the  coverlDg  In  both  directions. 
'■rlniiiiK. — The  rap  is  Inserted  Id  R  carlrldge.  usually  coiled    I 
ir.      Whenever  reference  is  made  herein  Io  use  of  eiploaliea 
r  niiter  It  Is  to  he  understood  that  under  all  el rcu Distances    I 
Ktiil  primer  tnamt  he  kept  pertecdr  ilrr.      If  but  one 
U«ei],   It  Should   be   placed   near  the  center  of   tbe  charge 
and  shape  of  the  charge  permit  It  to  go  In  that  posl- 
Ttrldgtes  are  placed  In  a  drill  hole,  as  In  rock  blastini 
ilitlona.   the   primer  Is  put   In   last  with   the  cap  end 
>  may  be  Inserted  as  shown  In  Sgures  196,  IB^  and 
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Z  Initial  detenatian,. 


1"^ 


OBMlition  afWamd  ThittrPoth  bf  hdaeed  Dmhtftiar. 


Detonation  ofzoOoKta  of  Triton. 

fl434<t°— 17 20 


he  Hnrface  of  tit 

timn  tbe  sparks 

r%  wMcb,  Ebould 

It  ih-cur,  will  twu^^  1"*^  ivht:  wi  KUK  vniL*jrnva  oc  may  ranse  C0iDpi«If 

Fruu««  must  bw  prepaid  at  a  sjPn  diacanc*  from  tbe  charge  and 
fruai  [tie  sture  o(  falls  mil  ihaulti  be  platnl  as  akort  &  time  as  posGible 


fcoara  in  tase  o(  ariug  by  itise.  Kiil>.'a  to  thts  ««n-t  are  laid  down 
wh-re  Mttft.i  to  human  lite  is  a  paraniuunt  eoB^Jdpratlon.  Th« 
Bh.ittW  be  rewwnimsi  in  mi.itaty  optrutiuns  to  the  extent  which  dr- 
i:uiustajii.-«s  pvriuit.  Tli«<-i-  Is  a'.ao  iaoip-t  in  stn^nptinK  to  reprime  a 
liharge.  ei^tei'LiilO'  if  tamping  must  h«  n^rauvwl  The  danger  ta  redored 
by  eare  and  bjr  av'.iJiQg  hani-OKtal  l<j-i)*  and  apptfaiiFeB ;  If  possible, 
the  lampiii*  rtooid  be  re(uuv«l  Willi  wu.hIsb  t.)i>Ii.  rn  any  case,  Icaip 
a  few  inih-w  ut  ttuipiug  s&oTe  the  dwrg*  tmdistw^ed.  then  plao' 
aer^ial  stitlis  uf  fuwltr  aud  a  primer  un  tup  uf  the  Orst  charee  and 
Ore  again.  When  cuaditivns  prrniit.  II  is  t>ettrr  practice  not  to 
ar.CMnpC  reprlmiDX.  but  tu  plai*  a  OfW  ehars*  in  a  posittOD  to  do  ail 
•r  a  part  oi  the  work  of  the  lirst  charae, 

Tkr  rmmmtm  »t  rntUMr**  are  vari..>u3.  WUh  ticctTidtr,  if  none  of 
the  ckarses  eiplude,  the  caw*  Is  pruHablj  doe   to  overloading   tbo 

rfeetnaC  but  less  probable,  cause  is  deieriomtlon  of  aU  the  primers. 
If  part  o(  tbe  tbarsrs  Ute  and  others  do  not,  the  eaose  will  probably  i 
be  (oond  to  be  either  a  defi^oiive  «p,  due  to  moisture  or  a  hrokca  ! 
bridge,  01  a  short  tlrvult  tn  the  fuw;  wires,  which  prevents  current 
g'-ioj  throogh  one  tu»e  but  aut  the  others :  oi  the  EeosltlTeneHi  of  the 
(Bps  Bay  not  be  snlfuruk  and  thi^re  hiar  be  oae  or  more  so  sensltin 
that  they  explode  and  break  Ih*  ciriult  belor«  the  brldKea  of  the 
oihets  bate  hi'cuiue  h>«ted  lo  the  point  uf  l^itlco. 

SM.  lAMdlBC.— The  charge  should  All  the  rhanber  as  nearly  as 
pracUt^able.  If  drill  holea  are  used,  they  should  be  ]uat  large  enough 
to  ptrndt  a  rarlridce  to  slip  down  wttboal  tamniDC.  In  qnarrylug, 
cartridges  are  tleoueDlly  silt  t^ien  before  they  art  placed  Id  the  hole. 
■o  ttat  with  a  sliiibi  pressure  of  tb«  taBpiog  rod,  they  spread  and 
All  the  hole  munplelely.  Whew  1bf*[«  «k(iFKra  of  tree  runninK 
powder  ate  to  be  used,  such  as  dynamite.  JoTite.  and  rack-a-rock,  the 
cartrldin'S  may  be  opened  and  the  contents  put  tn  bnik  Into  another 
receptacle.  Aa  a  rule,  however,  such  thanes  will  be  made  up  by 
bunchlot;  sdcts  or  strluss  of  cartrt*tes  and  tylnc  them  together. 
Tke  ■mklBV  ap.  and  ervrjr  poaatkle  detail  of  pieparatlon, 
should  be  done  above  vrviiatl.  leaTlnK  as  little  to  do  in  tlie  mine 
as  posBtlile.  CharKCM  must  not  tw  made  up  Into  Eiiee  or  weights 
which  can  iiol  b«  i-onvcnleatly  carrlMI  through  the  gaUerlee  and 
placpd  in  the  chamber. 

The  ehnrarlnit  xtuuild  be  peraowillr  directed  by  the  re- 
Hltonnil'li'  I'l^' I "  ii<^  tr  but  one  w'rson  can  get  at  the  charge  at  a 
_tliui'.  li  I  lie  powder  hliuxelf.     f^uch  lllumlnBtloa  as  may 

iiruvldi'd  by  cloard  lights,  with  eHective  precao- 

'ihT    [>>'        n  ticn  the  primer  Is   placed   Id  the  middle  o^  a 


0  used.  If  time  fuse  mast  b( 
one  Bide  Of  the  charge  ho  an 
IS  ftoiQ  the  fuse  can  set  fire 

le  wires  of  each  fuse  should  be  1 
"Ity  ot  a  chance  c 
....     for  connecting  t 
t  be  taken  that  at  no  stage 
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xrjy 


Flg.lMt 


Fiflr.  197 


Fig.  198 


<^ 


Fiff.  19a 


Fig.  idft 


@i==iyLj 


Fig.  194 


Fig.  196 


Fig.  199 


^  ^','?";  -/  rh.  rhawe  la  Indiiat-rJ.:  AB  Is  f?  Vrt...-.-  of  tbe  S^nnd: 
i,l,  M  ""  '  i„  I-  lift  Is  Ihe  crater  r*«lu.  and  CB  th*  radlns 
».».  tn  '"""Vl^-  'xii  W  elBm^'im  o(  'be  erai*r  are  reckoned  wirti 
M   •'*•'■"■, |J^^|'ii.,n  oi  tbt  tiiflrge  «Dd  lh»  op-olng  of  the  original 


'l^V^ir^MWlV  tJ»  towWrion  of  the  Bph-^rold  of  ruprere  bj 

?  ",'1  ~i^L?l«  on.*  twice,  or  three  tlm^i  the  L.  L.  R,  A 
J"  ™t/?  8  «1«  raled  a  co-moo  -Ibci  less  than  tw»- 
i   cfBt't   !■  "'""Br^  '—  than  two-MDBd.  overpfcursed.     A 

llB-'d,  "•'*"'."'■"'■?  break  the  surtafe  1b  called  a  eamonaet. 
MiDR  which  does  not  prs"^   '"=        _     ,  ,(^     j  j  ,      n^  of  the  charge 
"•-"  "  .CT»ter  is  'O"^™,^   la   BBeuroed   to  be   proportional   to   tbe 

''wBeTTnto  piace'cfg".  200].  the  hole  actually 
.  .  „i  the  eirth  moved.  Tbe  total  volume  moved  ia 
"  ,  .rnlrlments  to  be  represented  by  tbe  froetum 
"in  ..wiioQ  In  flBure  200.  having  the  crater  opening 
"  '"  HpVip  of  the  diameter  L.  C.  B-  for  Kb  amallfr 
^•*nV  Its  helKht  For  each  cubic  yard  of  volume  o( 
■■«rtBlQ  weight  of  eiploBlve  Is  allowed  and  ^  la 
"S^dlDK  weight  of  ':'>"'!«  '»V„'*ih™^- out! 
Quanlllj  of  powder  reijulred  to  throw  out  1 
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enblc  yard.  It  has  been  experimentally  determined  for  gunpowder 
and  is  deduced  for  other  explosives  from  their  corresponding  in- 
tensities. 

The  crater  voluine,  or  volume  of  tbe^conleal  frustum  (fig.  200), 
may,  for  any  given  ratio  of  height  and  crater  radius,  be  expressed  by 
the  cube  of  the  height,  L.  L.  R.,  multiplied  by  a  numerical  constant, 
and  hence  the  weight  of  explosive  required  to  produce  a  crater  or 
corresponding  proportions  may  also  be  expressed  by  t*  multiplied  by 
a  constant.  The  constant  varies  with  the  character  of  the  material, 
as  well  as  with  the  proportions  of  crater. 

233.  Table  II  gives  constants  for  various  classes  of  materials  and 
for  craters  from  1  to  6  lines,  the  former  practically  a  camouflet  and 
the  latter  the  largest  that  can  be  depenaed  upon  for  results.  The 
table  also  gives  constants  from  which  the  R.  R.  may  be  determined. 

Table  II.— CONSTANTS.  FOR  DETERMINING  CHARGES  AND 
RADIUS  OF  RUPTURES  OF  MINES. 


Kind  of  material. 


Light  earth 

Common  earth..; 

Hard  sand 

Hardpan 

Ordinary    brick 

sonry. 
Medium  rock  or  good 

new  brickwork. 
Best  old  brickwork 


1. 


ma- 


0.0050.0120.027 


Overcharged. 


I 


I 


.006 
.007 
.008 
.010 

.013 

.014 


Rad.rupture{Hor^-;-;,l;0 


.015 
.019 
.023 
.026 

.034 

.038 


1.4 
1.0 


.033 
.042 
.050 
.067 

.075 

.083 


1.7 
1.1 


0.0810.1850.351 


3 


Remarks. 


.004 
.126 
.150 
.161 

.225 


.250  .5601.0791.826 


2.5 
1.2 


.229 
.288 
.343 
.391 

.514 


.433 
.646 
.6501 
.7411 


.5941 

.733 

,924 

.100 

.254 


9751.650 


3.4 
1.7 


4.0 
2.0 


5.0 
2.6 


These  numbers  to 
be  multiplied  by 
{3  (or  oharges  of 
50  per  cent  dyna- 
mite in  pounds. 


{These  numbers  to 
be  multiplied  by  2 
for  radius  in  feet. 


Por  gun  ootton  or  75  per  cent  dynamite,  reduce  charges  found  from  above  table  40 
per  cent;  for  ammonal,  reduce  50  per  cent. 

Strenirth  of  triton. — If  triton  is  taken  as  being  7/5  as  efficient 
as  50  per  cent  dynamite  and  the  constants  given  in  the  formulse  and 
tables  for  50  per  cent  dynamite  be  therefore  multiplied  by  T/7,  suc- 
cessful results  may  be  obtained. 

The  ^vvelffht  of  charge  may  be  determined  from  Table  II.  It 
is  to  be  noted  that  the  user  of  this  table  must  exercise  his  Judg- 
ment in  classing  the  soil  under  the  headings  given,  so  that  it  can 
not  be  said  that  the  table  gives  charges  absolutely.  If  the  mine  is 
Important,  powder  not  scarce,  and  no  information  has  been  obtained 
from  actual  firings  in  the  soil,  the  tabular  charges  should  be  in- 
creased 10  per  cent  for  large  quantities  and  50  per  cent  for  small 
ones.  It  is  to  be  remembered  that  while  if  more  powder  than  neces- 
sary is  used  the  excess  may  be  said  to  be  wasted,  if  less  than  the 
proper  amount  is  used,  not  only  is  the  total  quantity  used  wasted, 
but  the  time  and  labor  spent  in  getting  it  into  place  are  also  wasted, 
and  the  opportunity  to  gain  advantage  by  successful  firing  is  lost. 
In  all  uses  of  explosives  in  mining  the  maxim  for  the  first  charge 
should  be,  do  not  spare  the  po^«vder«  On  the  other  hand,  e^ 
charge  fired  should  be  carefully  observed,  and  whenever  it  ^ 


'iiKrit*      <'iiit^^,       VH^   «>«•««»«    "ttr^MtMr   •  aa.t  can.  be  "m***^  ia  hAvui^ 

' «.    '.t«M«4    ta*uw«^     ."•>.     Mm    >*  .  pptieti  to  miiieB  or  a^omw  fi 

'titiit  <*    •>u«i.\       Till' «*     \      v*.tv,Mi»v'u     '-'•m     ae  sixrfaee  and   desusK**: 

itiiu-o     I     -tj     .'fii.ui  ->  it«»4  "•^'^ "rmitir  prepared,  for  de^]is<>. 

\Ujk      •«-»  "h^ju      \  ho       ■  ••<  '•»■«»       ij     -j;ctv*     -.»    »'I>»|MireU.    doits'   S©  «iC   tlii*  pe'"!.. 

»ut  ■•u*ie  ^  .  'Nm  4  'Jti  I  ^A^•u  »  'as»tMi}£e  throasii  sodi.  ktoq^i! 
ttiiit's  •iu>i  wt  »•  'iu^«»A  •'  I  nil,  I-  u,  a  ^i«ic«}  wli£Fe  tile  e2cpiotiioQ 
'vuu.ii  '.  ..♦-  t.'>«tij>  «.' 'H'.*  'i^  !^*  •►uvi.  £  iiiy  liefeiiaiTe  wirks  or 
-*Hi'i.  !•  t«i  •>..«.  .  >  ►*  »  i»»\u  .  .■!»>.>>  •!»»  •t»tttl,  indicatiiis  *^*^y"  it  t* 
'tosHni     t*     ':t<iiv'»     'it^  .  t*ttu    'la^     'v    'uuvu     u  a  rcttHBslile  disCance  ia 

"^H  ja  .;•  f*  ii»*  »tav««i  N»u  auuicri  luiy  'o  avoid  artillery  pro- 
;«»<M -it'ij,  .  "v  ai  • 'lu  I  >  'ff  s.  •♦.'<»  «  v^tf^MMt  at?y  amy  be  placed  2^^* 
uitit'i'     titr'   -ui '  t»  • .  I     <».»-     «».t     s   -UiUv^at   clie  cbarge  is  piat*rHl 

it     'K^     o.;'»iti       J. I     tw    i^'.o    \»'«       t.i-it'u.      \.    Ill  open,  pit  is  rfwg  tb* 
nune     :<aii:Mei:    <ui'u  a     '*•      t      tttt    ^nuiuu   -iL    >ne  side  and   tile   bole 

?*'*»  :ei»ui  'Xr*!,  'If  tn.ii**  ottv  t^  .iu_Mi«>fiHi  ro  Jive  a  2.  or  3  Un* 
.Tai**r.  "*>♦*  'iui»!*  M<ij  •«•  M  .  I'T-  c  'iMi*-  -tMvs.  Two  roway  30  to  40 
:Ttrad  ipui'.  u-  .1  >^K  a  ,  •  tav''f»«:*t'.  "^*^  uterrais  between,  min^s 
jk  L  row  -^uiMi  vt  '♦^  ->u  I  '»a.  'f  '*tMM-"H  vi:^  learij  but  not  quite 
join.  ?*^.e  'Mi>.. •••ii>..  'i  Mf  MiMrji  ^lii'u  •!  't*  t»iirt»ttie<l  ^i  completely 
aa  ^o?*s^tln*  iin  nv  it r  '»«>inusf'  *\**m  >\  asiurt»m*c  iie  ground^Hi^btiy 
at  itiir:'>«  "vtu'.-*-     oi.--    ut*    iv    uiut>  .uiu  s«  situated  a&  to  aoggest  a 

A  romTBiMin  ^  i  Miu  'n>rt«*  q  'vtiioM  *^e  ^>^>iQ]ne  of  tbe  crater  is 
amti«'iai'r  ^r^ptii-^^i  ^  »Kita>%*  »h  "nuif  -inii  '^flPect.  Blgnre  202 
■iiow»  -oe  orm  vukji  i«n  '» « 11  tiost  »s>*H.i.  r*ie  t*artli  excnvmted 
lansr  '^e  r»»It»<i  troniiu  he  mt,  is*  -iu.v%ti,  tf.ti  w«mI  tamped  to  prevent 
the  -'fianj::^  jiow'^c  mi  »».tM,i  (♦».  >;i..iitsi^  "t  :;*  not  noccqoujry  to 
muierfnt  rtie  uius  in*  'Jttoxvrt  11  h»*  -5*f*»t«»tt.  Tf  h*?  soil  will  not  stand 
it  fiuir  >«*  "fa.r"wa  vuu  o  f"-  •»«  Msm  iitv**  utu  ':n  s  tillwi  and  tamped 
ai^ainst  *"he  «*?<»«**«»  A  it;itv:^»  ►»  - '»  •H.ii»t,;<  >iiouid  scatter  a  cvbic 
jarri  of  ««rones  i»vit  .in  arvit  _<•<>  ".>>•   't«0    -aai*. 

TM»  form  is  aiifii  •»  t  u  vt»m>'fii  imi  •  iry  ^^sily  deatroyed  by  tbe 
^nemy ^  ire.  An«»i!it'r  -or'n.  wtii  b*-  .i\ts  \er«iiai.  is  ahown  in  fiipzre 
2iiii.  It  is  pos5?ii»i>»  :o  v''>ui>'{iL  t  \\  'H>'"'"^iIUi^  'Hr»h  over  it.  and  an 
antnmatic  tirins  tit»rii»»  ma,v  lie  us<*?<l  wtrU  it.  whira  ia  not  practicable 
Wfth  tile  inciimni   form. 

2''5.  Tike  i^niitinir  mie«B»  mav  l>^  ln^taaruntH>us  fose  or  elec- 
trtcify.  Fnses  or  win»9  «*luniid  l>v  ^aui  n  ri>»Qetie»j  1  to  3  feet  deep. 
Mfnpa  arp  clasw^d  witli  r»»'«pfr*f  to  »"v»  m»'thod  '^t'  innj;  as  Iw^KiKent 
and  awtonuttle.  Jwdarment  mini>^  ar>*  oonrroiled  firom  a  firing 
point  and  can  be  fired  only  at  r'le  w'll  of  the  operator.  Awt^nMktie 
nineK  are  arranged  to  be  lir^d  ^y  the  disturban*."e  of  some  apparatns 
in  or  near  them.  Antomatic  and  judjonent  firing  are  often  comMned 
for  the  same  mines.  If  Srlms  by  es»<»  the  antomatic  firing  device 
takes  the  form  of  a  nteekjKniesI  trisurer,  which  may  be  operated 
the  pressnre  of  feet  on  the  groond  over  it.  or  by  the  polling  of  a 
~  -^^chcd  along  the  line  at  such  heigbt  as  to  be  tripped  by 
With  electric  firing  this  device  is  called  a  eirewit  elAaer, 
^tnating  force  operates  to  close  a  contact  wbicb  completes 
ircnlt  from  the  battery  to  the  fnse. 

and  operation  of  land  mines  will  ordinarily  be  tbe  work 

troops  supplied  with  approved  apparatns. 

taetlea. — In  siege  operations  mining  is  done  at  dose 

Is,   or   sfaoold   be,   opposed   by   countermining   by    the 

%  then  a  double  purpose  in  view — to  reach  the  orlg- 

placing  the  charge  where  intended  and  firing  It 
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and  while  so  doing  to  detect  and  circumvent  any  attempt  of  the 
enemy  to  interfere  or  to  prosecute  any  enterprise  of  his  own. 

Tke  only  Information  ef  neighboring  operations  which  is  ob- 
tainable results  from  the  soand  of  ivorklnv  carried  through  the 
earth.  In  compact  «oil  an  ordinary  blow  of  a  pick  can  be  heard  at 
a  distance  of  40  feet,  and  the  most  careful  working  is  audible  to  a 
distance  of  20  feet.  Other  sounds,  such  as  rumbling  of  trucks,  and 
especially  tamping,  can  be  heard  farther.  These  distances  vary  with 
the  character  of  the  soil  and  the  skill  of  the  listener.  When  more 
than  one  gallery  is  driven  they  should  be  parallel  and  not  farther 
apart  than  twice  the  range  of  hearing,  so  that  an  enemy's  gallery 
penetrating  between  them  will  be  heard  from  one  or  both.  Returns 
may  be  run  out  from  the  extreme  galleries  to  detect  the  sound  of 
working  on  the  flanks.  Such  galleries  are  called  llateners.  They 
should  not  be  large. 

Efforts  must  be  made  to  detect  the  enemy's  working  and  to  avoid, 
BO  far  as  possible,  giving  him  like  information.  At  occasional  and 
irregular  intervals  all  work  should  cease,  all  extraneous  sounds  be 
cut  off,  and  men  with  quick  and  trained  hearing  should  listen  for 
sounds  of  working  and  estimate  the  distance  and  direction.  A  map 
of  the  galleries  should  be  kept,  and  whenever  two  headings  are 
approaching,  listening  should  he  done  in  them  and  the  estimates 
made  by  the  men  compared  with  the  measurements  on  the  map  as 
a  check  on  the  range  of  hearing.  Accuracy  of  perception  of  the 
sounds  may  be  tested  by  tapping  messages  across. 

When  hostile  parties  have  approached  within  destructive  range  of 
each  other  the  one  who  fires  first  is  tlie  winner,  but  the  nearer  he  is 
or  the  longer  be  holds  his  fire,  the  more  complete  the  victory.  Bach 
party  will  be  on  the  alert  to  discover  when  the  other  party  is  getting 
ready  to  fire,  and  hence  the  greatest  care  must  be  taken  to  sophisti- 
cate the  sounds  connected  with  loading.  Digging  should  continue  at 
some  point  near  the  end,  and  all  movements  or  trucks  or  other  opera- 
tions which  make  a  noise  should  be  continued  not  less  frequently, 
and  certainly  not  more  frequently,  than  during  the  digging.  Espe- 
cially should  tamping  be  cautiously  done.  Tlte  ino«t  probalile 
mistake  Is  premature  llrlnflr»  and  it  should  be  impressed  upon 
all  concerned  that  it  is  better  to  come  Into  actual  collision 
with  the  enemy's  miners  than  to  fire  prematurely. 

Galleries  are  much  more  vulnerable  to  a  side  than  an  end  attack. 
If  the  enemy's  heading  can  be  located,  an  attempt  should  be  made  to 
get  a  position  on  one  side  of  his  gallery.  The  best  position  is  nearly 
abreast  of  the  end,  a  little  in  rear,  so  that  if  he  is  still  digging  a 
considerable  length  of  his  gallery  will  be  destroyed,  or  if  he  Is  load- 
ing or  loaded  his  mine  will  be  exploded. 

For  long  galleries  the  difficulties  of  ventilation  and  earth  dis- 
posal may  make  It  advisable  to  take  a  new  departure.  The  heads 
of  galleries  are  brought  on  a  line,  or  nearly  so,  branches  run  for- 
ward from  each  so  as  to  end  at  intervals  of  one  and  one-half  times  the 
depth  below  the  surface,  charged  for  common  mines  and  fired  sim- 
ultaneously. An  elongated  crater  is  produced,  which  becomes  a 
lodgment  for  new  galleries  as  well  as  an  advanced  parallel  in  any 
system  of  surface  approaches.  The  old  galleries  are  reopened  to 
form  rear  communications.  It  has  frequently  happened  that  entire 
underground  opera tlona  have  been  directed  to  the  single  purpose  of 
forming  such  an  advanced  trench  in  a  position  which  could  not  be 
reached  on  the  surface. 

It  will  rarely  be  possible  to  get  close  enough  to  do  serious  dam- 
age with  a  camouflet,  though  in  some  cases  It  might  be  advantageous 
to  avoid  breaking  ground  at  the  surface.  The  maximum  camouflet 
charge — one-sixth  to  one-eighth  of  common  mines — gives  an  H.  B.  R. 
somewhat  less  than  the  L.  R.  R.,  which  will  usually  be  not  more 
than  15  feet,  while  a  6-llne  crater  has  an  H.  R.  R.  of  5  times  L.  R.  R. 
As  countermining  will  usually  result  in  a  crater,  consideration 
must  be  given  to  its  situation  with  respect  to  the  surface  work  so  ♦'"""^ 
It  will  be  an  advantage  if  possible  and  certainly  not  a  detrimen' 
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'S.if.   lUllUuiA   4«t«MulMluHa  hdvo  for  their  pi 
titiiUt.  lut.iiu  t  It  t  .ii>iv>  Mu\   (ii*K'o(  Ih  i\w  th^Rter  or  war 
(iT  v>ltitlt   kMuiUl  hi    u(4iu\«>i«kMo  (\i  th«»  army  or  faToia^i-* 
i.tuk    i  k>i.(ii(ttM  ai^^'^.yti  vtioiHM«  uoutrullMOd  by  intematioBaJI 

t'iiu  (M  iit>  (|i.ii  wliju^  u  Kit  vluuioUtU^  may  be  divided  iBt» 

!Vm<uiiI    a  «iUtUi:iHl  Mkl«»(U«i  huvlnif  MO  littriBcIe  or 

>iiliM       't' li  ui  .uvUl».v*l^  v»i  Mi\>uiu|  rtuu  •tructures  of 

(  li>i  I'll  I  >  I  ,   U  ml 

%f<<ui«ii  ><(  (u(Uuu«aI  i»li.i«»%»4«i  ^\Avtutf  Intrinsic  or  ^ 
oi   .««l..|>i«a  1m  u-i«  («•(  vu«i«««i««Mi  m  Ume  of  peace,  sncb  as  tmijA,=^ 

(UmI    <'  'III  III  iiii  l>  ill  Iv.u  > 

h«iiMflUi«.ii    u    ^viu«U«(lkl»   \ai)^    XkxnUv  a  mkllitmrr  ■!  r  i—itj 

I  "I"  H'  tit  i  'la.,  ni  \.l'i»t(^  .»i'>»Nt'  \\\tt  Tutlltnry  necessity  Is  ot-ri-zs. 
r;iii><  Hit  >tt  iiu>ihiu  u  .Uiuvvt  vUko\-ily  uiul  exclusiyely  at  tbe  caci— js 
lii,lii III,;  <  i)t>  ii  lu  > . 

r<ii  lilt  .<t.tui\il  ( l.i  •  >  Hut  iU«ia(nu'tlou  affects  others  begidea  t^ 
iiMiiril  rill  tin  aiul  loi  (liU  liu^^  I Uo  o\(»ttoiuv  of  a  military  ii<><oes^i7 
jii.'ilil'\  iii,>  (IruitilUluii  i.ivk  \\x\\  \\\\  (kivMUHUHl  but  must  be  determined  at 
till!  iiiiiiiuiil.  iiiiil  Uu'-  aiituuiti  aiul  I'htirtiotor  Of  destmction  or  di^ 
uMciiii  lit    rxpilililv    viubutl   |i.\    vA»mj»»«hMit  ttuthority. 

ht  iu<il|ili)U>>  ui  u  Uu.tl  vh.ki'Uiot,  vNhii'h  have  no  effect  elac m ht I'e. 
iii<iv  iiu  iiiiiili  liU  lilt  uikl\  I'  k)i  (l\u  iitihusliute  commander,  as  nuiy  also 
(|i  idiMlliuit.i  lit  ti  lutiiit  .>iiiv«i(n  V  t\.4iax  (\>(\  but  which  are  necessary  to 
(In:  ...ifily  ill'  u  U"'*l  ii'iiv'  V'i'V  v\(K\ik\>U\  H  «mall  force  In  retreat 
inii\  ioici'i  u|i(  i\  liihUo  to  u\i>ut  iMiituiA\  hut  the  destmction  shonld 
k^*i  IK)  I'aitlnr  tli.ui  In  itV'i  r  -  <m  V  lo  imoiIuvv  the  result  imme^Liately 
(liHlnil  li.\  (li'liiiuiim  tlui  |iut>^iun'D  K>iu>  etum^h  to  enable  the  pursued 
III  iiuiKii  hull'  ('Ntiipi!  Pt  laulii  loufei  whU'h  ni'v  Intended  to,  or  in  their 
ullluiiilu  i  (iu.iri|iiriu  It.  iitiiN  .iiti'it  \\  laiiior  force  or  a  greater  terri- 
liiiv,  iiiii.^i  III-  iiriii'ud  !>.>  (lui  i'i>uutk<u(i)(u^  v;vnonU  of  an  army  or  other 
flit  I'd  niu'iiilluu  Uiilr|ii  uili-uth  \\\  K'a-iv  of  tlonbt,  orders  should  be 
Huuhl4  I'luiu  llu:  lu.lu'.l  .uio-^il'U'  iH»uu»uinder.  An  officer  upon 
wliiiiu  Hulk   i)f  ilriihillntiu   U  itov\kUtHt  nUouUl,  If  not  provided  with 

^il'lllH'r   (Miltl^,   U^>k    fl>l'    tlu-iu 

Jih.  McUhmIm  cmiiUovU.  iH^ukolUlouti  muy  be  made  by  Are,  by 
klUM'liiiiilcal    mt'uik«,    m'   l».\    i«%i»U»M|\««a.      Flro   is   the   only    re- 

I'lUH'M^  N>liini  nlihiilutu  ilisttiwHiui  Ih  »HVt«Msary.  as  in  case  of  food 
wuppHob,  iiiuultiuius  of  war,  alvuvtvivul  luutvrlals.  etc.  Soluble  matter, 
uu  Himpowilor,  tiumir,  salt,  i-tt.,  lul^Ut  l>t^  aostroyod  in  water,  but 
ililiti  uu'tltiul  \h  luliuiliuiti.  Huvutug  U  oqually  effective  and  much 
WiHli'T.  Vol'  quick  rosulisi  wllli  «lu\v  Iturului:  luutortals  a  quantity  of 
lilghly  coinliubtlble  btulY  uumt  W  ntllci'ted.  A  sranll  Are  fl^alns  head- 
way vtM-y  filuVN  ly  auii  lamh  time  is  Umt.  Care  must  be  taken  that  ^e 
Uro  (ious  not  Hiuijul  to  ol'liita  not  intouiled  to  bo  destroyed. 

*JHO.  I)(*nu)lltion  by  lucibaulcal  nicaus  iH  too  simple  to  require,  and 
t*w  varlod  i«)  ptTiult,  iU'lall\*il  (Uhcrlptlon.  Utefrreni.'e  is  made  to  a  few 
(M^nos  In  which  the  boat  nu'thoil  luay  not  be  obvious, 

Xbatis  Ih  dithcult  to  destroy,     if  the  trees  uih^  dry,  time  suffices,  and 

rA»mvtth"^nt  \h  nut  enHfutlal,  tire  la  bent  ;  otherwise,  if  working  from 

M.\  front,  rut  up  aud  carry  away  enough  trees  to  make  a  passage 

'.'*i»^Yi.     If  working  from  the  rear,  loosen  the  fastenings  of  the  butts 

.    :«ul  away  bodily  with  ropes. 

\Vtoe  entanirlementa   must   be  cut  with  nippers,   the  more  and 

»..4ier  the  pieces  the  better.     Wire  may  be  cut  with  an  ax  or  machete 

«.i«*b-  #*#  wood  is  held  N^hind  It  aa  an  anvil.     Troua  de  loop  are 

rellng  the  walla  into  the  pits,  or  bridged  with  planks, 

T  materials. 

1  atookadea  may  be  cut  down  with  axes  or  saws,  or 
dug  away  from  one  side  and  the  logs  pulled  over. 
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IUillnMUI«. — Opemtions  may  be  directed  against  rolling  stock, 
bridges,  culverts,  tunnels,  or  track,  or  accessories,  such  as  water  sta- 
tions, telegraphs. 

lioeomotives  are  temporarily  disabled  by  removing  valves  or  other 
small  vital  parts ;  permanently  by  building  a  fire  in  a  dry  boiler  or 
by  detonating  a  charge  of  explosive  in  the  boiler.  In  haste,  piston  or 
connecting  rods,  links,  etc.,  may  be  destroyed  by  explosives,  or  a  hole 
may  be  blown  in  the  bottom  of  the  tender  tank.  Cars  may  be  burned 
or  wrecked  by  collisions  or  derailment.  The  best  places  are  in  deep 
cuts  or  tunnels.  A  head-on  collision  in  a  tunnel  will  put  it  out  of 
use  for  some  time. 

"Wooden  brldgres  may  be  burned  or  small  ones  may  be  pried  Qf£ 
their  seats  by  levers  or  dragged  off  with  tackle. 

Track  may  be  destroyed  by  taking  It  up,  burning  the  ties,  heating 
the  rails  on  fires  and  twisting  them  with  bars  through  the  bolt  holes, 
with  a  chain  and  lever,  or  a  hook  and  lever  (fig.  167a).  Twisting  Is 
much  better  than  bending,  as  twisted  rails  must  be  rerolled  before 
they  can  be  used.  The  rail  should  be  hot  for  the  greater  part  of  I'ts 
length,  so  as  to  take  a  long  twist.  A  quick  track  demolition 
requiring  considerable  time  to  repair,  but  not  injuring  the  track  mate- 
rial, may  be  made  by  loosening  the  ties  over  a  stretch  of  track,  taking 
off  the  end  fishplates,  putting  a  line  of  men  along  one  side,  two  men 
to  each  tie,  and  turning  the  track  over  bodily.  This  plan  works  best 
on  a  high  embankment. 

Telegrrapli  lines  are  temporarily  disabled  by  breaka»  in  which 
wires  are  cut,  gfrounda*  in  which  the  wires  are  connected  to  the 
ground,  and  crosses*  in  which  a  metallic  connection  is  made  between 
the  wires.  A  grround  may  be  made  by  connecting  a  wire  to  the  rail 
or  to  a  bar  or  plate  of  metal  in  damp  earth.  Copper  is  best.  A  connec- 
tion with  water  or  gas  pipe  forms  a  ground.  All  faults  should  be 
carefully  concealed  from  view,  so  as  to  prolong  the  time  necessary  to 
locate  them.  If  a  raid  is  made  on  a  telegraph  office,  remove  the  in- 
struments, bare  and  brighten  the  ends  of  all  wires,  and  tie  them  to- 
gether with  a  wrapping  of  brightened  copper  wire.  Incoming  and 
outgoing  wires  should  be  tied  separately. 

To  destroy  n  telesrapli  line  cut  down  and  burn  poles,  cut  and 
tangle  wires,  and  break  Insulators. 

240.  Deniolitlon  eqnlpment  of  eitgineer  troops. 


Company  tool  wagons. 


Augers,  earth,  handled 

Augers,  ship,  i-inch,  handled 

Bars,  pinch,  large 

Bars,  wood,  tamping 

Boxes,  cap 

Boxes,  match 

Chisels ,  cold 

Circuit  detectors 

Crimpers 

Brills,  single-bit,  long 

Drills,  single-bit,  short 

Hammers,  sledge ,  8-pound 

Magneto  exploders 

Pick matto<*s,  E.  D.  pattern,  "intrenching, "handled. 

Heels,  wirQ ,  firing 

Shovels,  E.  P.  pattern, "  intrenching  "..... 


On  the  2 

tool  wagons 

of  pioneer 

company. 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
4 
2 
8 


On  the  1 
tool  wagon 
of  mounted 
company. 
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FIELD  VOBTIPICATION.  07 

241.  In  the  exeentlon  of  a  denM»litioit  ^ritk  exylofflvea  there 
must  be  considered : 

1.  The  object  of  tke  demolltioii. 

2.  Tlie  relation  of  tke  eharsen*  their  Individual  and  Joint 
effect*  their  location  and  accessibility*  tke  natnre  of  the 
■fflunpinir*  and  the  distance  of  tke  personnel  wken  detonation 

3.  The  natnre  of  the  ntaterial  to  be  blasted  and  the  preean- 
tions  reavired  in  placinfT  the  charnTcs  and  proteetini;  tkeas 
from  moisture. 

4.  Compntation  of  the  individnal  ckaryes* 

5.  Method  of  detonation. 

6.  The  reqnirements  of  time  for  exeentius  the  work,  per- 
sonnel* explosive*  caps*  fnses*  etc.*  and  bnildiniT  nuiterial. 

7.  A  few  ln«tmction«  for  the  personnel  which  Is  to  detonate 
the  charge. 

8.  Kinal  arranirements  and  precantions  to  be  taken  in  cases 
of  important  demolitions.  These  shonld  be  prescribed  by 
orders  of  the  eommandinir  ofHcer. 

242.  The  text  of  this  manual  gives  the  data  required  for  the 
proper  consideration  of  nearly  all  of  the  above.  Only  general  rules  are 
laid  down.  The  details  for  working  out  each  particular , demolition 
will  vary  greatly. 

243.  The  object  of  the  demolition  can  only  be  properly  attained 
through  accurate  grasp  of  the  tactical  situation.  It  is  unpardonable 
to  completely  wreck  a  line  of  communications  which  friendly  troops 
may  require  in  the  near  future.  It  is  likewise  unpardonable  to  fail  to 
use  every  means  to  wreck  a  line  of  communications  that  is  to  pass 
immediately  into  hostile  control  for  a  long  future  period.  Demoli- 
tions of  bridares  or  other  important  structures  should  not 
be  executed  except  by  authority  of  the  commander  in  the 
area  involved*  or  in  extreme  emersrency. 

244.  The  two  general  types  of  charires  aret  Concentrated 
chargres  and  charges  in  a  ro^r.  Concentrated  charges  in  which 
the  explosive  is  bunched  are  the  rule.  One  cap  in  one  triton  block 
will  detonate  completely  all  Mocks  placed  closely  around  the  primed 
block.  For  maximum  effect*  the  charge  shonld  approximate  the 
cubical  shape. 

245.  Charares  in  a  roiv  or  small  distributed  chargres  are 
the  exception.  Their  adaptability  is  discussed  hereafter.  If  the 
blocks  are  placed  closely  together*  one  block  detonated  will  detonate 
the  entire  row.  As  a  precaution,  a  string  of  blocks  placed  on 
detonating  cord  may  be  placed  along  the  entire  row. 

If  the  charge  is  placed  in  small  drilled  holes,  the  triton  stick 
is  to  be  used.  Otherwise  the  triton  block  is  admirably  adapted  for 
bunching  into  masses  of  the  most  effective  form. 

In  primingr  the  charge,  the  cap  is  to  be  firmly  seated  in  the  cap 
hole,  with  the  fuse  (if  used)  securely  crimped  in  the  cap  or  the 
lead  wires  connected  securely  (if  electrical  detonation  is  used).  It 
is  notable  that  triton  will  usually  detonate  with  a  No.  6  commercial 
cap  if  a  boosting  charge  of  powdered  triton  is  used.  If  detonating 
cord  is  used,  the  cord  must  be  dry  when  passed  through  the  triton 
block.  Methods  of  priming  dynamite  with  ooth  blasting  and  eleclric 
caDS  are  shown. 

246.  The  problem  of  securing  simultaneous  detonation  is  one 
calling  for  much  practice.  The  various  methods  of  obtaining 
simultoneous  detonation  are,  in  order  of  excellence: 

First.  Electricity  with  detonating  cord. 
Second.  Eflectricity. 

Third.  Time  fuse  with  detonating  cord. 
Fourth.  Time  fuse  with  induced  detonation. 
Fifth.  Time  fuse  with  instantaneous  fuse. 
Sixth.  Time  fuse. 
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247.  Calcvlation  of  avantlty  of  expl«Miive. 

Let  R»s]*adliifl  of  rvptnre  in  feet. 

Let  N^nnmber  of  one-balf  pound  bloclca  of  trlton  re- 
paired. 

Let  Ks»a  factor  depending  npon  the  material  blasted. 

Let  Cs»a  factor  depending  npon  tb^  location  and  tamping 
of  tbe  cbarse. 

Then  N=5/4  R«  K  C 

This  formula  gives  a  quantity  of  charge  sufficient  to  blast  out  a 
cone  of  material,  the  center  of  charge  being  the  apex  and  the  base 
having  a  radius  equal  to  R.  The  altitude  of  the  cone  equals  the 
depth  at  which  the  charge  is  placed  within  the  material.  Such  a 
charge  will  be  referred  to  as  a  breacbingr  cbarare*  The  radius 
of  rupture  so  determined  is  the  radius  of  a  sphere  within  whose  sur- 
face all  materia]  is  completely  shattered.  The  center  of  the  sphere 
is,  of  course,  at  the  center  of  the  cbargre.  Figure  204  shows  a 
charge  placed  at  a  depth  of  R ;  figure  205  shows  a  charge  placed  at 
a  depth  less  than  R. 

Figure  206  shows  the  effect  of  blasting  a  masonry  wall  with  a 
series  of  charges  inserted  in  holes  driven  to  the  center  of  the  wall. 

In  figure  207  the  holes  are  driven  but  a  portion  of  the  distance  to 
the  center  of  the  wall,  and  in  figure  208  the  charges  are  placed  in 
cavities  In  the  face  of  the  wall. 

In  figure  209  the  charge  is  placed  against  the  face  of  the  wall. 
R  is  indicated  on  each  of  the  figures.  This  formula  Is  of  general  use 
in  computing  charges  for  land  mines  and  for  the  demolition  of  struc- 
tures of  masonry  and  of  earth  embankments  and  for  the  blasting  of 
rock. 

248.  Tbe  value  of  K,  tbe  material  factor,  is  to  be  selected 
from  the  following  table: 

Good  masonry,  concrete  or  roelc. 

Value  of  K. 

R  under  3  feet • O.  6 

R  betipreen  3  and  6  feet 1_      ,4 

R  betTFeen  6  and  7  feet .38 

R  over  7  feet --— «      .90 

Poor  masonry,  sbale  or  bard  pan  (all  values  of  R) ^-      .  30 

Ordinary  eartb   (all  values  of  R) ,07 

For  very  dense  concrete  or  flrst-class  masonry  multiply 

above  factors  for  good  masonry  by 1.3 

For  reinforced   concrete  multiply  above  factors  for  good 

masonry   by 2.0 

249.  The  value  of  C  is  chosen  so  as  to  take  into  account  the  loca- 
tion of  the  charge  and  the  extent  of  the  tamping.  C  equals  1,0  for 
charges  placed  in  a  bored  hole  and  thoroughly  tamped  as  in  a  land 
mine.      (See  flg^.  210  and  211.) 

250.  Tbe  cbarse  may  be  computed,  but  to  save  time  the  charts 
A,  B,  and  C  (figs.  212,  213,  214)  are  generally  to  be  used.  These  give 
the  number  of  blocks  required  for  values  of  R  from  1  to  35  feet. 

Tbese  curves  are  to  be  UKed  as  follows  : 

1.  Place  a  straight  edge  horizontally  cutting  the  left  side  of  the 
cross-section  paper  at  the  value  of  R. 

2.  At  the  intersection  of  the  straight  edge  and  the  curve  labeled 
"  5/4  R  » •*  drop  a  line  vertically  and  intersect  the  line  labeled  with  the 
selected  value  of  C. 

^t  this  point  horizontally  until  the  line  labeled  with  the 
ue  of  K  in  intersected. 
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EITaiREIR   FIELD   HAHVAI.. 
t  tlilii  liiilnl    v«rllr*]ljr   upward  and   irad  on  tbe    ecaJt^ 


at  li'lfnn  raqulriHl. 

6.  U  rhe  Dmlurlal  blaated  U  relotorced  concrete  or  Terr  dense  :-"-^ 
cruti.-,  deleruilliH  N  (tir  gi^ad  mRBaiirT  and  then  mnltiplj  br  2  0  :«- 
relurorced  toniTBte  or  by  l.a  1(  very  dense  conerete. 

II.  KluiirHu  :iiri  lu  31H  llluHtnita  Ibe  uie  o[  tbis  curre. 

2111.  The  eurvBD  enublH  K  ami  C  to  be  varted  readily.  Bud  tiK  '••!;-^ 
TiemtB  Id  autiml  damn lltl una  will  readily  determine  TalnaMe  data  ss 
tu  more  a<'euratu  valui-B  ut  K  and  C.  Demolitlona  made  In  p^t-^ 
ttiDP  are  Blwayn  ta  be  viewed  as  eiperlments  conducted  witb  B  -view  tu 
Heciiring  InCiinnatlim  an  lo  tlie  value  ot  K  and  C. 

]:^i'2,  Mhutterliiir  ohariri-a  (litter  from  breacbing  charscs  in   t^.-^ 

are  to  be  used  In  quarrvliig.  aa  an  aid  to  mccbanica!  demoIIHOBB,  andV 

1(.      Figure  :illl  abuwi  a  breatlilD):  cbarge  Co  the   left  and    tbe    ebiq? 
cburge  as  a^sbatti-rlng  cbarKe  lo  the  rlsht. 

hoHttle  drift  U.     fhle  cliarve  muat  be  kept  at  least  ?-  R   h»i«—  ih. 
Burface  to  avoid  shatterliig  tbe  aurface  of  tbe  (round. 


iit,tt.  Dlatrlbuteil    cliarKea,    kpeackinw 

Id  a  row  ure  lo  tie  uaed  to  breach  tbrouk'h  slat 


iitn    (or^  lbs   computation   of  such  eharcee   tb 
iIb  bave  tbe  same  meanlnz  as 


HI  -^  4  B."   K    C  per  rurd,     Tbe  aymbol 

£lvcn  for  tbe  formula  for  Urpachlug  cbari,._, 

valueH  aa  flvea  In  tbe  formula  for  breacblDg  cbarges.  For  relnforri'd 
concrete  K  la  doubled,  aa  previously  noted,  and  fn  addition  a  tbIw 
Of  R  Is  chosen  equal  to  one-fourth  times  tbe  thickness  of  the  slab  or 

.„ e  lB"Bfmlliir  to  cbartB  A,  B,~BDd  C 

chargeB.      (See  flxa.  222  and  223.) 
aeb.  CharBBB   ■      -   

be  restricted  to  the  aemoiiiion  nr  nun  BinUB  or  wans. 

EBB.  Timber.— Timber  can   he   destroyed  by  flre  or  by   cutting. 
Trees  la  Inches  In  diameter  or  under  are  more  quickly  destroyed  by 
ciirilTis  than   bv    eiulusWi's,      Hiuloilvt'S  are   iiHcd   nrinclpally   where 
iment  and  tben 
follows ; 


lialf-poaad  blocks  of  trlton  and  D^  least 
iiuiiier  in  incliFa.  If  tbe  timber  be  green,  tougb.  or 
charge  Is  lii'Tiascd  BO  per  "'  '  — """  —  '"  " 
.3B  Cbarges  !»  to  allow  bIi  t 

■       timbers  -Ji   InchBB  or  Iphb  in  uiameiec   note  a  uoie  lo 
it  tbi'  opixislte  face  and  fill  to  1  Inch  from  tba  top  with 

q  ]ire  used  and  Inserted  In  bore  holea  in  the 
iiinca  N,  —  .01  X  D',  in  whicb  N,  —  (ta«  bddi- 
itUD  wei«blB|[  .4   uf  a  pound  *meh  and 

r  of  tbe  timber  In  I- "' 

's  the  placing  of  che 
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The  following  table  gives  the  yaliie  of  D^  and  is  to  be  used  in  com- 
puting the  charges  required : 

VALUE  OF  D«. 


D. 

D». 

D. 

D«. 

D. 

D«. 

D. 

DK 

6 

36 

14 

196 

22 

484 

30 

900 

7 

49 

15 

226 

23 

529 

31 

961 

8 

64 

16 

256 

24 

576 

32 

1,024 

9 

81 

17 

289 

25 

625 

33 

1,089 

10 

100 

18 

324 

26 

676 

34 

1,156 

11 

121 

19 

361 

27 

729 

35 

1,225 

12 

144 

20 

400 

28 

784 

36 

1,296 

13 

169 

21 

441 

29 

841 

Figure  225  illustr&tes  the  placing  of  charges  for  the  cutting  of  a 
number  of  timber  stringers. 

Figure  226  shows  the  charges  placed  for  the  destruction  of  round 
timbers  by  inserting  the  triton  in  bored  holes. 

258.  Steel. — Bessemer  steel  crystallizes,  breaks,  and  throws  Its 
fragments  generally  away  from  the  explosive.  (>p|en-hearth  steel 
tears  and  may  throw  fragments  in  any  direction.  These  fragments 
are  frequently  large  and  projected  with  force  enough  to  carry  them 
from  400  to  1,000  yards  or  more.  Extra  precautions  must  be  taken 
to  shield  the  firing  detachment.  Tree  trunks  12  inches  or  more  in 
diameter  make  good  field  shelter. 

For  the  purpose  of  computing  the  charges  required  to  cuf  heavy 
steel  I-beams  and  built-up  steel  girders  and  columns  the  following 
formula  Is  to  be  used :  -' 

N=r=niiinber  of  one-half  pound  blocks  of  triton  reanired. 
A^area   in  square  inches  of  tlte  cross   section  of  tlte 
steel  member  to  be  cut. 

A  number  of  illustrative  examples  are  attached,  by  means  of  which 
the  use  of  the  formula  will  be  evident.  It  is  to  be  noted  that  the 
charge  must  be  placed  against  the  steel  member  so  that  the  greatest 
quantity  of  explosive  will  be  near  the  heaviest  part  of  the  cross 
section. 

To  prevent  an  overestimate  of  what  can  be  done  with  the  quantity 
of  triton  carried,  the  study  and  use  of  the  above  formula  are  recom- 
mended. 

A  handy  rule,  applicable  only  to  1|  by  If  by  3-^  inch  triton 
blocks,  is  that  a  line  of  blocks  entirely  across  the  plate  will,  if  laid 
on  side,  cut  a  1-inch  plate,  or,  if  stood  on  end,  will  cut  a  li-inch 
plate.  Up  to  and  including  five  rows,  each  additional  row  of  blocks 
on  side  adds  |  inch  and  each  additional  row  of  blocks  on  end  adds  i 
inch  to  the  thickness  of  the  metal  which  can  be  cut. 

259.  Steel  bridges — Trusses. — In  destroying  a  bridge,  try  to 
cut  the  complete  cross  section.  Charges  should  be  placed  in  the 
upper  and  lower  members  of  the  trusses  on  both  sides  of  the  road. 
The  best  place  for  rupture  is  near  the  abutments  where  the  chordbs 
have  the  least  cross  section,  except  In  a  cantilever  bridge,  which 
should  be  cut  over  the  towers.  By  choosing  the  panel  points  for  the 
location  of  the  charges,  they  may  easily  be  confined  and  tamped,  and 
maximum  results  will  be  obtained  with  the  smallest  number  of 
charges. 

In  the  case  of  a  heavy  bridge,  the  amount  of  explosive  carried  v^"' 
frequently  be  adequate  to  cut  only  one  chord.    In  this  case,  the  f 
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Figure  239  shows  the  location  and  qnantltj  of  s  charge  tor  deetro]-- 
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A,  following.  gWea  the  charges  required  In  such  casee,  and  Qgure  242 
■boWH  the  location  of  the  charge.     The  charge  can  ai»o  he  computed    I 
hj  the  use  ol  the  formula  tor  breeching  chargce  (charts  A,  B.  and  C). 
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In  case  of  a  timbered  tunneL  the  timber  bents  may  be  demolishf^ 
by  cutting  the  vertical  posts.  The  charges  should  be  placed  as  showL 
in  figure  243.  The  bents  demolished  should  be  located  at  the  poii:: 
where  the  heaviest  load  is  carried  by  the  timbering.  Thid  point  cat 
often  be  located  by  observing  the  effects  of  the  weight  in  dlatortlD: 
the  timber.  Generally,  the  heaviest  load  is  carried  at  the  point  wher^ 
the  timber  bents  are  most  closely  spaced,  figure  243  below  show^ 
typical  American  segmental  tunnel  timbering  such  as  is  used  in  nearly 
all  timbered  tunnels  in  North  America.  Several  indications  of  hea\j 
loads  above  the  timbering  are  noted  on  the  figure. 

262.  The  service  of  demolition  may  be  coucerned  with  almost 
any  natural  or  artificial  object.  The  determination  of  the  most 
effective  point  of  demolition  for  structures  or  materials  blasted  c&iu 
for  a  fairly  broad  general  engineering  knowledge.  However,  such 
Important  structures  as  bridges,  railroads,  aqueducts,  Tladucts,  roads, 
retaining  walls,  and  heavy  buildings  can  be  readily  attacked  with 
explosive  by  the  application  of  the  formula  given. 

263.  Field  ariins  and  Itoi^ltaers  may  be  destroyed  (a)  b; 
placing  a  shell  in  the  breech,  closing  the  breech,  and  detonating  a 
block  of  triton,  tamped  against  the  fuse  of  the  shell ;  or  {h)  by  flUina 
the  bore,  Just  forward  of  the  first  hoop,  with  from  two  to  five 
blocks  of  triton,  tamping  it  firmly  at  both  ends  with  eod«  cloeing  the 
breech,  and  detonating  the  triton ;  or  (c)  by  placing  from  12  to  15 
blocks  on  the  outside  of  the  tube  Just  forward  of  the  first  hoop. 
Methods  (a)  and  (b)  throw  fragments  with  great  violence  and  an 
as  dangerous  as  they  are  reliable.  Method  (o)  is  the  safest  for  the 
firing  detachment,  but  the  least  reliable.  A  gun  may  be  disabled 
temporarily  by  opening  the  breech,  setting  a  block  of  triton  against 
the  hinge,  partially  closing  the  breech,  and  detonating  the  explosive. 

A  vehicle  of  any  kind  is  disabled  by  detonating  three  triton  blocks 
against  one  of  the  axles. 

264.  Ice  can  be  removed  by  blasting  if  there  is  a  corrent  to 
carry  the  loosened  blocks  away  and  clear  water  near  to  receive  them. 
The  connection  with  the  shore  should  first  be  broken.  Bmall  charges 
rather  close  together  are  necessary ;  on  the  surface  covered  with 
earth  if  the  ice  is  thin,  in  drill  holes  if  very  thick.  This  work  will 
be  progressive,  and  charges,  distances,  etc.,  can  be  determined  by  tri&l 
better  than  from  any  rule. 

266.  By  following  the  fnatructlona  above  there  will  be  no  dlfli- 
culty  in  destroying  buildings,  bridges,  railroads,  artillery,  machinerv, 
military  obstacles,  etc.,  provided  an  adequate  supply  of  explosive  h 
available.  Since  triton  can  be  transported  with  perfect  safety  under 
most  adverse  conditions,  there  should  be  no  difficulty  in  the  replenish- 
ment of  supplies.  Figure  244  illustrates  in  a  comprehensive  way  the 
pioneer  work  and  possible  demolitions  for  an  assumed  locality. 
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PART  VI— ANIMAL  TRANSPORTATION. 


1.  Animal  transportation  for  the  Engineer  service  is  divided 
Into  wheel  and  pack  transportation.  In  wheel  transportation  the 
wagon  is  the  unit,  and  each  animal  can  haul,  on  a  conservative  esti- 
mate, 1,200  pounds  gross  or  700  pounds  net  load.  In  pack  trans- 
portation the  animal  is  the  unit,  and  each  can  carry,  also  on  a  con- 
servative estimate,  300  pounds  gross  or  225  pounds  net  load.  A 
given  quantity  of  freight  carried  on  packs  will  require  three  times  as 
many  animals  as  would  be  necessary  to  carry  it  on  wheels.  The 
larger  number  of  animals  means  a  proportionate  increase  of  the 
forage  to  be  provided  and  in  the  labor  of  feeding,  shoeing,  etc.  If, 
however,  the  coantry  and  season  are  favorable  for  grazing,  the  pack 
mule  will  get  on  without  any  forage,  while  the  draft  mule  can  not. 
Other  disadvantages  of  pack  service  are  that  packages  must  be  lim- 
ited in  size  and  weight  much  more  closely  than  for  wagons;  long 
articles,  as  tent  poles,  can  not  conveniently  be  carried  except  by 
special  construction,  and  loading  of  pa^k  cargoes  is  an  expert  service 
which  must  be  performed  by  a  few  trained  men,  while  loading  of 
wagons  is  work  in  which  all  can  participate. 

The  great  advantage  of  pack  transportation  is  its  mobility, 
and  this  consideration  is  often  paramount.  A  good  pack  train,  well 
handled,  can  make  2  miles  to  1  of  the  best  wagon  trains  on  good  roads 
and  more  on  bad  ones,  and  can  besides  go  where  there  are  no  roads 
at  all  and  where  the  country  is  so  rough  that  roads  could  hardly  be 
made  and  wagons  could  not  pass  them  if  they  were  made. 

Wagon  transportation  should  be  used  unless  the  country  is  im- 
practicable or  the  rate  of  march  too  rapid  for  wheels^  The  perma- 
nent pack  trains  should  be  limited  to  tne  probable  requirements  of 
rapidly  moving  columns,  and  in  those  the  baggage,  etc.,  should  be 
kept  down  to  an  absolute  minimum.  When  great  difficulties  of  wagon 
transportation  are  foreseen,  the  draft  mules  should  be  broken  to  pack 
sei-vice  and  enough  aparejos  carried  in  the  train  so  that  in  case  the 
wagons  must  be  abandoned  one^fourth  to  one-third  of  the, loads  may 
be  placed  on  the  mules  and  the  march  continued.  The  combination 
of  harness^  and  pack  saddle  which  naturally  suggests  itself  in  this 
connection  is  not  practicable.  Such  a  combination  would  make  a 
very  poor  harness  and  a  worse  pack  saddle. 

Mules  were  used  interchangeably  for  draft  and  pack  service  on  the 
Mexican  boundary  survey,  and  pack  mules  were  put  into  harness  in 
the  China  campaign. 

2.  The  n&ule  Is  the  standard  draft  and  pack  animal  of  the  United 
States  service.  He  can  besc  be  described  and  understood  by  noting 
his  points  of  difference  from  the  horse,  which  he  resembles  so  closely 
that  it  has  not  been  found  necessary  to  devote  books  to  him  particu- 
larly. The  points  of  difference  in  conformation  are  mainly  larger, 
thicker  head,  longer  ears,  and  smaller  feet,  larger  girth,  shorter  legs, 
and  longer  booy.  The  relative  disposition  of  bones  and  their  angles 
are  the  same  as  for  the  horse.  Figure  1  shows  the  skeleton  and  the 
names  of  the  bones  most  likely  to  be  the  seat  of  injuries  or  disease. 
Figure  2  shows  the  mule's  exterior  conformation  and  the  names  of 
the  regions  into  which  it  is  divided. 

Where  extensive  bog«  are  found,  as  in  some  parts  of  Alaska,  horses 
are  used  for  pack  service,  selection  and  breeding  being  conducted  with 
a  view  to  the  maximum  size  of  foot. 

The  mule  is  tougher  and  hardier  than  the  horse,  less  su>" 
disease  or  to  inflammation  from  slight  injuries,  and  usual 
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more  readily  to  treatment.  He  is  nearly  exempt  from  some  common 
diseases  of  the  horse,  and  especially  from  colds.  In  the  field  coUc 
and  kicks  or  other  contusions  are  his  principal  troubles.  When  in- 
jured he  does  not  exhibit  lameneiss  as  quickly  as  the  horse,  and  on 
this  account  needs  more  careful  watching. 

3.  Selection  of  mules. — ^The  cross  between  a  jack  and  a  mare 
Is  that  most  used  and  is  the  best.  Of  these,  experience  seems  to 
Indicate  that  mules  resembling  the  sire — that  is,  small  or  medium 
sized,  with  strong  markings,  large  ears,  and  small  feet — are  hardier, 
while  those  resembling  the  mare,  good  sized,  smaller  ears,  larser 
feet,  and  no  jack  markings,  are  likely  to  show  less  endurance.  Color 
does  not  seem  to  give  any  indication  of  constitution  or  disposition 
except  as  above  noted.  Good  mules  will  be  found  in  all  colors. 
Mules  for  immediate  use  should  not  be  taken  under  4  years  old.  A 
mule  sound  and  healty  at  4  years  should,  with  proper  care  and  treat- 
ment, last  until  he  Is  18.  There  need  be  no  distinction  as  to  sex. 
Some  experienced  men  prefer  mares.  Female  mules  are  said  to  stand 
sea  voyages  better  than  males.    Verv  large  mules  are  not  desirable. 

A  mule  should  be  judged  as  to  hui  aare^  Mtrenartlny  endnranee, 
and  dUiposltloii.  indication*  of  ave  are  not  very  precise  as  to 
exact  years,  but  are  clear  enough  as  to  the  question  whether  the  mule 
Is  too  young  or  too  old  for  service.  At  4  years,  which  should  be  the 
minimum  age,  four  of  the  six  Incisors  In  each  jaw  are  permanent, 
and  the  others,  the  end  ones,  are  temporary  or  milk  teeth.  The 
difference  Is  plain,  as  the  milk  teeth  are  white  and  smaller  than  the 
others  and  are  smooth  outside  and  grooved  Inside,  while  the  per- 
manent teeth  are  grooved  outside  and  smooth  Inside.  In  mules  the 
tushes  also  appear  at  this  age,  smooth,  straight,  and  pointed  (fig.  3). 
At  5  years  the  remaining  milk  teeth  are  replaced  by  permanent  ones, 
which  latter,  however,  have  no  Inside  wall  (fig.  4).  At  6  years  these 
teeth  have  the  inside  wall.  At  7  years  the  ends  of  the  Incisors  show 
wear  and  the  tushes  begin  to  appear  blunted  (fig.  5).  From  this 
stage  on  the  age  is  a  matter  of  Judgment,  based  on  the  amount  of 
wear  of  Incisors  and  tushes  and  the  angle  of  the  incisors,  which  is 
obtuse  In  young  animals  and  gradually  changes  to  acute  in  very  old 
ones  (fig.  6).  Other  Indications  of  age  in  the  mule  are  the  temples, 
full  in  the  young  and  sunken  in  the  old,  and  the  wrinkles  above  the 
eyes,  and  gray  hairs,  both  of  which  Increase  In  number  as  the  animal 
grows  older. 

The  Indieatioiift  of  «tren8rth  are  the  size  and  build  of  the 
animal,  especially  of  his  legs.  The  fore  legs  should  be  set  well  apart 
at  the  shoulders  and  about  equally  wide  at  the  feet  and  should  appear 
straight  when  looked  at  from  any  direction.  The  hind  legs  should 
also  set  well  apart  and  be  parallel,  and  appear  straight  when  looked 
at  from  behind.  The  angle  of  the  pastern  should  be  such  that  the 
middle  line  of  the  leg  prolonged  to  the  ground  will  just  touch  the 
heel  when  the  animal  Is  standing  squarely  and  naturally  on  a  smooth 
level  surface. 

The  indications  of  endurance  are  principally  the  breadth  and 
shape  of  the  chest  and  the  girth,  both  of  which  show  the  lung  power 
on  which  endurance  depends.  The  chest  should  be  broad  and  mus- 
cular, and  especially  the  breastbone  should  not  be  prominent.  Look- 
ing at  the  animal  from  the  side,  the  chest  should  appear  to  project 
distinctly  in  front  of  the  fore  legs.  The  girth,  measured  6  to  9 
inches  In  rear  of  the  fore  legs,  should  not  be  less  than  1  ^  times  the 
height  of  the  animal. 

For  indications  of  disposition  look  to  the  head  and  eye;  the 
latter  is  especially  a  good  index.  Avoid  mules  with  extra  long  heads ; 
also  those  with  hollow  or  dish  faces.  The  eyes  should  be  set  well 
apart  and  stand  out  prominently.  Byes  close  together  or  sunken 
show  a  mean  disposition.  A  good  mule  has  a  soft  kindly  look  in  his 
eye  which  is  difncult  to  describe  but  is  easily  recognized.  The  ears 
should  be  mobile,  and  In  young  animals  constantly  mov***-*  ""« 
pointing  forward  and   one  back   is  a  good   sign ;  laylnr 
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the  bell  horse  should  have  a  full  ration,  since  he  can  not  graze  along 
the  line  of  march  while  the  pack  mules  can  and  do. 

In  open  country  a  white  or  gray  bell  horse  will  make  it  possible  to 
locate  the  train  at  a  much  greater  distance.  This  may  or  may  not  be 
desirable,  according  to  circumstances.  This  remark  applies  also  to 
white  or  srray  mules. 

7.  "Water. — ^A  mule  requires  from  4  to  6  gallons  of  water  a  day, 
depending  on  the  season  and  his  work.  In  an  arid  climate  two  or 
three  times  as  much  mar  be  required.  In  an  emergency  he  may  be 
worked  with  what  he  will  drink  at  one  watering  a  day,  but  when- 
ever possible  he  should  be  watered  two  or  three  times  a  day.  In 
corrals  there  should  be,  except  in  freezing  weather,  a  constant  supply 
so  that  the  animals  can  drink  whenever  they  desire  to  do  so.  It  is 
as  important  that  the  water  be  pure  and  wholesome  as  for  any  other 
animal.  In  fact,  the  mule  is  rather  particular  about  his  drinking 
water.  '  In  every  herd  some  animals  will  refuse  water  which  others 
drink  and  which  appears  to  be«  good.  No  pains  should  be  spared  to 
find  water  which  these  animals  will  drink. 

If  the  mules  have  had  enough  water  at  night,  they  often  will  not 
drink  before  starting  in  the  morning.  In  such  case  every  effort 
must  be  made  to  get  -water  at  tlie  end  of  tbe  first  boar's 
niareb.  Especial  attention  is  required  on  this  point,  as  the  water- 
ing of  draft  mules  on  the  road  generally  Involves  unhitching  the  teamn 
or  carrying  the  water  in  buckets,  either  of  which  operations  causes 
trouble  and  delay  and  is  likely  to  be  neglected.  In  crossing  a  stream 
with  soft  bottom,  if  the  mules  are  thirsty  they  should  be  watered  be- 
fore driving  in,  otherwise  they  may  stop  to  drink  and  mire  themselves 
or  the  wagon.  A  stream  encountered  at  the  end  of  a  march  should 
usually  be  crossed  before  going  into  camp. 

8.  Diseases  and  treatment. — ^Tfae  normal  condition  of  a  miile 
is  indicated  by  a  pulse  of  34  to  38  per  minute  and  a  temperature  of  99". 
The  pulse  can  best  be  taken  inside. the  lower  jaw  or  inside  the  fore 
leg  just  above  the  fetlock.  Temperature  is  taken  by  a  clinical  ther- 
mometer Ijiserted  in  the  rectum  for  five  minutes.  Disease  is  almost 
always  accompanied  by  an  increase  of  temperature  or  pulse,  or  both. 
The  pulse  may  run  to  100  per  minute  or  even  more.  A  strong,  full 
pulse  of  normal  rate  is  a  very  good  indication  of  freedom  from  disease 
or  injury.  The  temperature  in  some  diseases  runs  from  107**  to  109**. 
In  taking  either  temperature  or  pulse  avoid  exciting  or  worrying  the 
animal.  The  normal  rate  of  respiration  when  at  rest  is.  12  per  minute. 
Apart  from  accidents,  which  will  be  frequent,  and  contagion,  which 
will  be  infrequent,  sick  mules  In  the  field  will  usually  be  the  result 
of  some  neglect,  as  of  feeding,  watering,  policing,  or  shoeing*  or  of 
abuse  or  overexertion.  It  is  much  easier  and  better  to  keep  mules  well 
by  proper  attention  and  treatment  than  to  cure  them  when  sick. 

The  diseases  and  injuries  described  below  include  those  most  likely 
to  be  encountered  in  field  service,  those  in  which  effective  treatment 
can  be  given  by  persons  who  are  not  skilled  veterinarians,  and  those 
Id  which  prompt  action  is  necessary  to  prevent  contagion. 

Administration  of  medicin^s» — Liqnid  medicines  are  given  as 
a  drench.  Put  the  liquid  into  a  long-necked  bottle  without  a  shoulder 
and  see  that  there  are  no  sharp  edges  or  projections  about  the  mouth 
or  neck.  Raise  the  animal's  head  until  the  mouth  is  higher  than  the 
throat.  Insert  the  neck  of  the  bottle  in  the  side  of  tlie  month  be- 
tween the  incisors  and  the  molars.  Point  it  toward  the  throat  and 
allow  the  medicine  to  run  out  slowly  and  with  intermissions  if 
necessary. 

Powders  without  disasoreeable  taste  or  odor  may  be  dissolved 
in  water  and  sprinkled  on  fne  feed  or  put  Into  the  drinking  water. 

Balls  to  contain  dry  medicines  may  be  made  by  the  addition  of 
honey,  sirup,  or  soap,  using  oU  meal  if  necessary  for  required  consist- 
ency. They  should  be  about  2  inches  long  and  I  inch  in  diameter, 
freshly  made,  and  inclosed  in  tissue  paper  or  gelatin  capsules 
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A  5-ceDt  nickel  may  be  used  for  a  dram  weight.  If  well  worn  It 
'w^ill  be  nearly  right;  If  new,  take  scant  measnre.  A  balance  can  al- 
-ways  be  improTised. 

Xntiaeptie  or  aterillBiBS  dvesBiitffs  for  external  tt«e  only 

(Nob.  2  and  3  may  be  used  on  eyes,  nose,  and  mouth)  : 

1.  Creolln  1  part,  water  40  parts. 

2.  Carbolic  acid  1  part,  water  40  parts. 

3.  Boracic  acid  1  part,  water  20  parts. 

4.  Iodoform,  dry,  necessary  quantity  sprinkled  on  wound. 

5.  Boracic  acid,  dry^  necessary  quantity  sprinkled  on  wound. 

6.  Sulphate  of  zinc  1  ounce,  acetate  of  lead  1  ounce,  water  1  quart. 
This  is  the  well-known  fFblte  lotion.  A  dram  of  carbolic  add 
may  be  cdded  if  a  strong  antiseptic  is  needed. 

OINTMENTS. 

7.  Iodoform  1  part,  cosmollne  6  parts. 

8.  Boracic  acid  1  part,  cosmoline  6  parts. 

9.  Carbolic  acid  1  part,  glycerin  6  parts. 

10.  Sulphur  (if  powdered)  2  drams,  cosmoline  1  ounce. 

LINIMENTS. 

11.  To  relieve  pain.     Witch-hazel  2  ounces,  spirits,  of  camphor  2 
ounces,  laudanum  2  ounces. 

12.  Stimulating.  Turpentine  2  ounces,  spirits  of  ammonia  2 
ounces,  linseed  oil  4  ounces. 

13.  Spirits  of  camphor  2  ounces,  spirits  of  ammonia  2  ounces,  tur- 
pentine IJ  ounces,  water  1  pint.  ' 

14.  Soap  liniment.  Castile  soap  ©  ounces,  spirits  of  ammonia  6 
ounces,  spirits  of  camphor  2  ounces,  alcohol  and  linseed  oil  each  1 
pint. 

lilSCEtiLANEOyS. 

15.  Purge.     Aloes  6  drams,  calomel  |  dram,  ginger  2  drams. 

16.  To  stimulate  the  kidneys.  Sweet  spirits  of  niter  1  ounce, 
water  1  pint.  ,    ,  ^,       m  ^ 

17.  Founder  powder.     Nitrate  of  potash  4  ounces,  gentian  4  drams. 

18.  Tonic.  Gentian  2  drams,  ginger  2  drams,  flaxseed  meal  i  dram. 

19.  Colic.  Sweet  spirits  of  niter  1  to  2  ounces,  laudanum  1  to  4 
ounces,  ginger  2  drams.  ,   ,     ^     ^       ^^      ,_* 

20.  To  dress  saddle  and  harness  galls  and  to  harden  the  skin. 
Alcohol  1  pint,  water  1  pint.  If  the  skin  is  abraded,  mix  with  white 
of  eggs  to  a  paste  and  apply  a  thick  coating.         ^.  ^    ^  . 

Oonatlpatlon.— Put  the  mule  on  a  laxative  diet— bran  mashes, 
grass,  or  vegetables.    Salt  also  has  a  slightly  laxative  effect. 

Diarrhoea.— Usually  results  from  two  laxative  diet  or  exposure. 
Put  the  animal  on  dry  feed  without  salt  and  keep  dry  and  warm. 
Do  not  work  more  than  necessary.  In  aggravated  cases  give  I  pint 
of  raw  linseed  oil  or  1  dram  of  powdered  opium.  -.*_.«    ,^«u„ 

Spafimodlc  colic.— The  animal  appears  to  be  in  distress,  looks 
around  at  its  flanks,  paws,  kicks  at  its  belly,  attempts  to  evacuate  the 
bowels  and  to  pass  urine.  Pulse  and  respiration  afelw-ated.  The 
attacks  are  intermittent  and  between  them  the  animal  returns  to  ap- 

^"owe^a  d?eSSl  oTl^piSt 'of  raw  linseed  oil,  and  prescription  No.  19. 
If  thranimal  has  not  been  overfed  and  the  case  is  ifght,  1  dram  of  pow- 
dered lln^rmSed  in  water  will  do.    Give  ample  room  to  move  aSout 

Flatnlent  colic— More  serious  and  less  frequent  than  the 
former;  pain  apparently  less  severe  but  continuous ;  animal  unsteady 
on  its  le^  ;  extremities  cold  ;  excessive  <iistention  of  abdomen. 

Give  No.  19  full  strength,  repeating  at  hour  intervals  ^^^11,^.^}^^'^^' 
In  severe  cases  it  is  necessary  to  puncture  the  animal  to  relieve Jhe 
distention.     The  puncture  is  made  in  the  right  flank  In 
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Where  surra  is  or  lias  been  prevalent,  allow  no  grazing  and  ayoid 
all  green  forage,  especially  from  marsby  or  overflowed  ground.  The 
disease  is  more  prevalent  in  wet  places  and  wet  weather. 

Manage. — Small  pustules  form  on  the  skin,  usually  beginning  at  the 
roots  of  mane  and  tail.  The  discharges  form  a  crust,  under  which  the 
bair  loosens  and  falls  out.  The  disease  is  contagious,  and  animals 
affected  must  be  isolated  and  usual  precautions  taken.  Cleanse  the 
affected  parts  thoroughly  with  soap  and  water  and  dress  with  No.  ^. 
If  the  slcin  is  affected  over  a  large  surface,  only  a  part  of  it  should 
be  gone  over  with  the  carbolic  solution  each  day,  to  avoid  carbolic- 
acid  jpoisoning.  It  is  better  in  such  cases  to  substitute  Ko,  1,  which 
may  be  used  with  impunity. 

ScratcUes. — ^An  inflamed  condition  of  the  skin  of  the  heel  with 
crusts  giving  a  watery  discharge.  Caused  by  exposure  to  wet  and  cold, 
sometimes  by  trimming  the  fetlocks.  Keep  the  parts  dry  and  clean. 
Wash,  if  at  all,  with  warm  water  and  castile  soap  and  dry  thor- 
oughly after  washing.  If  the  ^cLn  is  unbroken,  use  fresh  lard  and 
vaseline ;  dust  with  powdered  alum  twice  a  day.  If  the  skin  is 
cracked,  use  No,  10.  A  dry  place  for  the  animal  to  stand  is,  necessary 
to  a  cure. 

Tltrasli. — ^A  disease  of  the  frog,  usually  behind,  accompanied  by 
an  offensive  discharge.  It  results  from  uncleanliness.  Keep  the  frog 
clean  and  dry ;  pare  away  ragged  parts  and  open  the  cracks  to  facili- 
tate discharge ;  dust  with  calomel  and  dress  with  iodoform  or  pine  tar. 

LiaiuiiiUtis  or  founder. — An  acute  inflammation  of  the  processes 
which  connect  the  wall  of  the  hoof  with  the  coflSn  bone.  More  com- 
mon in  the  front  feet ;  very  painful  and  causes  extreme  lameness  and 
stiffness  with  much  heat  in  the  foot.  Overexertion,  indigestion,  and 
watering  when  heated  are  most  frequent   causes.     The  animal   can 

-  scarcely  be  induced  to  move,  and  tries  to  take  the  weight  off  the  toes 
•      by  standing  on  the  heels,  or.  if  the  fore  feet  only  are  affected,  by  draw- 
ing the  hind  feet  forward  under  the  body. 

;  Give  laxative  diet  and  plenty  of  water,  remove  the  shoes,  and  ^ive 

^*  the  animal  a  soft  footing  which  will  throw  as  much  weight  as  possible 

-  on  the.  sole  and  frog.  In  the  field  a  good  plan  is  to  make  a  slight 
^  depression  in  the  ground,  fill  it  with  water,  and  let  the  mule  stand  with 
s  his  fore  feet  in  the  mud.    Give  No.  17. 

J  Lockjaw. — Induced  by  pricking  the  foot  with  rusty  iron,  or  by 

'  punctured  wounds.  The  disease  is  caused  by  a  microbe  which  thrives 
in  rich  soils,  as  of  highly  cultivated  gardens  and  in  the  Tropics.  Com- 
mon in  the  Philippines  as  a  result  of  punctured  wounds. 

There  is  difficulty  in  swallowing  and  rigidity  of  the  limbs ;  ears 
erect  and  to  the  front ;  nostrils  dilated ;  legs  spread  apart  and  tail 
persistently  held  erect.  General  muscular  rigidity ;  obstinate  con- 
stipation and  torpidity  of  the  liver.     The  climax  usually  comes  in 

'       three  or  four  days. 

;  Search  for  the  exciting  cause,  and  if  found  to  be  a  wound  of  any 

kind,  treat  it.  Give  a  strong  purgative  and  2  to  3  drams  solid  extract 
of  belladonna  three  times  a  day.  Give  liquid  food — gruels — ^and  have 
clean  water  in  reach  of  the  animal  at  all  times.  Give  rest  and  quiet 
in  .a  darkened  stall.  During  convalescence  give  laxative  nutritious 
foods  and  tonics,  as  No.  18. 

Rope  burns. — Abrasion  of  the  skin  under  the  fetlock  by  rubbing 
against  a  rope.  Very  frequent,  especially  with  mules  not  accus- 
tomed to  being  tethered  or  picketed.  If  not  severe,  cleanse  with 
soap  and  apply  ointments  7,  8,  or  9,  or  tar,  or  any  kind  of  clean 
grease.     For  severe  cases  use  the  same  treatment  and  bandage. 

Pricklnsr  tlie  foot. — This  may  result  from  picking  up  a  nail  or 
from  one  improperly  driven  in  the  shoe.  If  the  point  of  injury  can 
not  be  seen,  locate  It  by  pressure.  The  mule  will  flinch  when  the 
sore  spot  is  touched.  If  suppuration  has  not  set  in,  clean  the  part, 
treat  ft  with  antiseptic,  and  stop  the  orifice  with  a  plug  of  ste'-"*- " 
material.  If  pus  has  formed,  a  free  exit  for  It  must  be 
and  maintained.  It  may  be  necessary  to  cut  away  a  cor 
amount  of  horn  to  do  this. 
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A  panctnre  of  the  froer  is  managed  in  a  similar  way. 

'Wounds  and  brntties. — ^The  prime  requisites  of  treatment  are  the 
arrest  of  hemorrhage  (tinct.  iron  hot  or  cold  water,  pressure,  if 
arterial);  removal  of  foreign  objects  if  possible;  cleansing  and 
sterilizing  the  wound  (antiseptics  1,  2,  or  6  may  be  used)*  replace- 
ment of  parts  in  proper  relative  position  by  stitches  or  bandaf^es, 
and  a  provision  for  the  discharge  of  pus  from  the  bottom  of  the 
wound.  In  some  cases  the  greatest  possible  freedom  from  motion  is 
desirable. 

The  healing  of  wounds  in  mules  is  almost  always  by  suppuration. 
Before  the  tissues  unite  they  assume  a  granular  appearance.  This 
flrraunlatlon  should  begin  at  the  deepest  part  and  progress  regu- 
larly outward.  If  granulation  appears  first  near  the  outside,  care 
must  be  taken  to  preserve  a  channel  by  which  the  pus  may  discharge 
freely  from  below.  A  tube  or  a  string  of  tow  or  other  clean  fibrous 
material  dipped  in  melted  wax  or  paraffin  will  answer.  This  can  be 
withdrawn  when  the  wound  is  dressed,  the  accumulated  pus  pressed 
out,  and  the  string  replaced. 

Spring:  tonic. — If  mules  are  sluggish  in  early  spring,  lose  their 
appetites,  and  are  slow  in  shedding  out,  their  condition  may  be 
improved  by  giving  a  small  quantity  of  saltpeter  in  soft  feed  once 
a  week  for  a  month  or  so.  If  nothing  else  can  be  had,  give  a  tea- 
spoonful  of  powdered  sulphur  and  a  half  pint  of  wood  ashes. 

11.  Shoeing:. — A   mule's   feet   are   designed    to   carry   his    weight 
partly  on  the  lower  edge  of  the  outer  wall  and  partly  on  the  sole 
and  frog  (fig.  7).     The  pressure  of  the  frog  on  the  ground  gives  a 
better  foothold  and,  besides,  causes  a  lateral  pressure  on  the  inside 
of  the  wall  which  resists  the  natural  tendency  of  the  hoof  to  con- 
tract.   The  wall  is  constantly  growing,  and  on  a  soft,  elastic  footing 
it  wears  away  at  a  rate  equal  to  its  growth,  and  is  always  of  the 
right  length  to  take  its  share  of  the  load.     On  a  harder  footing, 
such  as  is  presented  bv  most  roads,  the  wall  wears  faster  than  it 
grows,  and  Is  constantly  shortening,  letting  the  sole  down  so  that 
It  carries  too  much  of  the  load  and  lameness  results.     To  prevent 
this,   shoeing  is  resorted   to.     But  when   shoes  are  on  there  is   no 
wear  of  the  walls,  which  grow  longer  and  raise  the  sole  and  frog, 
removing   the   internal   pressure  from   the   wall   and  allowing  it   to 
contract  and  cause  lameness.     The  art  of  good  shoeing  consists  in 

{providing  a  metal  armor  for  the  lower  edge  of  the  wall  with  the 
east  possible  Interference  with  any  other  part  of  the  foot  or  with 
the  natural  relations  of  wall,  sole,  and  frog.  If  the  sole  and  frog 
have  received  proper  dailv  care,  there  will  be  no  excuse  for  the 
shoer  to  touch  either  of  tnem  with  any  tool.  If  the  bottom  of  the 
foot  is  foul,  the  shoer  may  clean  it  out,  but  always  with  a  scrap- 
ing, never  with  a  cutting,  tool.  Cutting  the  sole  and  frog  is  the 
business  of  the  veterinarian  or  farrier,  not  the  shoer. 

Mule  sboes  are  supplied  in  several  sizes.  Numbers  2  to  5  will 
answer  all  ordinary  requirements.  The  No.  2  shoe  Is  3f  Inches  wide 
by  5s  inches  long,  and  the  No.  5  Is  45  inches  wide  by  7  inches  long; 
all  are  J  inch  thick  and  are  punched  for  4  holes  on  a  side.  The 
top  surface  of  the  shoe  Is  slightly  beveled,  the  outside  A  *nch 
higher  than  the  inside.  The  nail  holes  on  each  side  are  connected 
on  the  bottom  of  the  shoe  by  a  countersunk  groove.  The  shoes  are 
packed  in  kegs  of  100  pounds  each.  A  keg  of  "No.  2  contalos  100 
shoes ;  of  No.  3,  85  shoes ;  of  No.  4,  72  shoes ;  and  of  No.  6,  60 
shoes   (fig.  8). 

The  nnfln  used  with  the  above  sizes  of  shoes  are  Nos.  5,  6,  7,  and 

"'      ■"  Is  2  inches  long;  No.  0,  21  inches;  No.  7,  2i  Inches;  and 

inches.     The  heads  and  point  bevels  are  formed  on  the 

e    inside   of    the    nail    is    a    plane    surface.      Nails   are 

kegs  of  100  pounds.     No.  5  nails  run  190  to  the  pound; 

No.  7,  100;  and  No.  8,  80  (fig.  9). 

oe  shonld  be  ca^'pfully  removed  by  rutting  off  the  clinches 
r  the  nails  singly.  Starting  the  shoe  and  prying  it  off, 
the  nails  with  it,  is  dangerous.     The  bottom  of  the  wall 
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Fig.  8 
Mul«  «hoa,  not  fitMd. 
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Bbould  then  be  cut  down  level  witb  tbe  BoIe  at  tbe  1 
little  iDDSi'i-  at  the  h«el,  The  heet  weara  a  lltUe  a 
snd  will  rare[y  reqnlre  much  cuttlae.  The  laep  Ig 
level  the   bottom   of  the  wall,   which  should    he  accur 

that  the  mule  will  stand  square  on  the  shoe.    The  s— >  — . 

be  fltted  accurafeljr,   so  that  its  outer  edge  will  follow  the    drniii 
(erence  of  tln>  hoof  all  a         '      —      °-  '  ■  ■      - 


points  ladltated  t 
then  be  applied  h- 
o(  the  wall,  but  o< 


flllDg  of  the  Bidt 
[■he  sE<      ■       ■ 


around.      The  at  i 

■■ea  ol  the 

applied  h 


'  toe  DallB  and  drive  t 
oraer  lo  me  reur,  j\iier  aji  are  driven,  cut  off  the  pol 
hool.  rasp  the  cKnebea  thin  enough  to  turn  easily,  bu 
the  rasp  cut  the  horn.  Turn  the  clinches  down  snuB.  bu 
to  drive  them  Into  the  hoof,  nor  use  a  file  on  them  to  siiio< 

died    bj    lifting   the   toot   with  "strap  or   rope.     Take 
,_i  .. p  jjjgj  jjjg  ppp^  j^y  jjji^  Blldc  BO  far  a 


and  be  a 

Por  a  hird  foot,  c. „ 

~    '     '    '       '   sharply  at  the  knee  and  strap  the  past 


the  upper  leg.     Por  bad  eases  Id  the  field,  thro 

him  while  down.     For  the  shop,  construct  a  frame  oi  scoui  QinDe 

In   which   he  can   be   tied   In   every   direction   by   copes,   straps, 


-The  c 

id  time  Incrr^ase.     As  a  basU. 

iO  hours  every  day'  or.  In  other  words,   can 


peed  aniT  time  Incrr^aae.     As  a  basis.  It 

med  that  .      .  .  .       .  _. 


pull  80  pounds   „_ , ,.      .. 

a  pull  ot  160  pounds  Is  required,  It  can  be  made  over  ]2i  miles  s 
day  only,  the  lesser  distance  being  covered  by  a  slower  gait  or  longer 
rcHts,  or,  as  Is  usoally  the  case,  partly  by  each.  An  animal  can  eierl 
two  and  one-halt  times  the  normal  pull  for  a  few  minutes  at  a  time, 
and  five  times  for  a  few  seconds,  provided  In  each  case  tbc  demand 
Is   not    repeated    too   frequently. 

The  load  which  can  be  hauled  as  anr  pull  depends  mainly 
on  the  kind  and  coadltion  of  the  road  and  a  little  on  the  wagon, 
especially  as  to  width  of  tire  and  slie  of  wheels.  For  the  standard 
Army  wagon  and  on  a  level  average  dirt  road  In  good  condition  the 
load  corresponding  to  80  pounds  standard  pull  may  be  taken  at 
l;'IOO  pounds  per  animal.  Of  this,  SOO  pounds  will  be  wagon,  leaving 
TOO  pounds  apt  fri'lght.  Any  reduction  of  this  load  to  lessen  the 
pull  must  iro-:,e  cut  of  the  700  pounds.  To  reduce  the  pull  to  40 
pounaj.    -.-^f  •  ■    -..     liiCen    from    the    freight,    leaving    200 

'"■'""'       ■  I :        riuB   200  pounds  puUefl   over   26  miles 

"""'d  .-'J. I. II  ."■, ..liiiUi.  1II....1  over  1  mile,  while  If  the  full  load  of 

"111  poiiii.N  i-  liaiiltd  ov.i'  i-s  miles,  which  can  be  done  with  the 
"le  »lIoir,  tbu  reapU  eqiml  .  7O0XJ.2t=8.760  pounds  hauled  1  mile. 

"■"  ' *■-   -■   ■■'■^■-—        II, cd.  the  animals  can  be  relieved  only 

I   It  Is  better  to  relieve  them  by  short- 

artlon  on  the  doiVD  grades  and  an  In- 
I  without  appreciable  eitm  elertloo. 
si'ent  In  rests,  allowing  greater  effort 
I  cent  grade,  the  load  can  he  retained 
to  3  per  cent  grade,  the  distance  can 
Dim.  Above  8  per  cent,  both  putl  and 
:  reduction  of  pull  msy  he  accom- 
frelght,  by  doubling  up  teams,  or  by 

ipoaltion  that  the  animals  have  the 
n  as  good  condition  as  when  they 
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started.  In  emergencies  they  can  do  more  work  than  indicated, 
l)nt  will  go  off  In  condition  and  some  will  give  out  entirely.  In 
campaign,  animals  are  overworked  as  a  rule,  and  finish  in  very  poor 
condition.  This  is  necessary  because  adequate  transportation  is 
rarely  available  and  what  there  is  must  be  worked  at  a  killing  rate. 
When  marches  are  intermittent,  mules  may  be  pushed,  since  what 
they  lose  in  two  or  three  days*  overwork  can  be  made  up  by  a  week's 
rest  with  good  care,  and  they  will  be  fit  when  again  required. 

The  following  are  the  vrel^rlitB  and  normal  loads  of  some  Army 
wagons : 


Army  six , 

Escort 

Ambulance 

Dougherty 

Engineer  tool  wagon ...... 

Pontoon  tool  wagon^ 

Bridge  train,  light 

Bridge  train,  heavy 


Weight. 


1 


Pounds, 
1,950* 
1,500 
1.450 
1,376 
2,200 

to 
2,600 
1,700 

1,750 

1,750 

to 
2,200 


^xhnum 
net  load. 


Pound*. 
4,000 
3,000 


2,500 

2,100 
1,856 

to 
2,060 
2,280 

to 
2,900 


Gross 
load. 


Pounds. 
5,950 
4,500 


I 


4,700 

to 
5,100 
3,800 
3,606 

to 
3,810 
4,030 

to 
5,100 


Harness. — ^The  harness  supplied  for  heavy  draft  is  of  three  kinds, 
known  as  army-  irasron  liamess,  4-mftle  ambulance  iind 
fvason  harness,  and  ambulance  barness.  The  first  is  dis- 
tinguished by  the  absence  of  a  saddle;  by  its  breeching, "which- is  of 
flat  leather  unstitched,  and  its  traces,  which  are  of  cbaln  throughout 
and  pass  through  leather  pipes  to  prevent  chafing.  The  second  is 
distinguished  by  its  traces,^  which  are  of  leather  to  the  breeching, 
with  chain  extensions.  The  third  has  all  leather  traces.  The  second, 
or  ambulance  and  wagon  harness,  is  most  suitable  for  Engineer  trans- 
portation. 

Most  6-mule  teams  are  driven  with  a  jerk^  line,  the  driver  riding 
the  near  wheeler  (flg.  10).  Four-mule  teams  in  the  bridge  train 
are  driven  in  the  same  way.  All  other  4*mule  teams  are  driven 
with  lines  from  a  seat  on  the  wagon  (fig.  11).  The  6-mule  harness 
Includes  a  riding  saddle,  jer^  line,  che<^  rein.  Jockey  stick,  and  black- 
snake  whip.  A  set  of  4-mule  harness  includes  a  pair  of  wheel  lines, 
a  pair  of  lead  lines,  a  whipstock,  and  lash. 

Proper  flltfngr  of  tbe  'barness  ii^  very  important.  The  bridle 
should  be  loosely  fitted,  the  crownpiece  and  throatlatch  not  too  ttght ; 
the  brow  band  in  the  right  place ;  the  cheek  pieces  so  adjusted  that 
the  bit  will  hang  in  the  mouth  Just  clear  of  the  angle  of  the  lips, 
not  far  from  it  and  not  touching  It,  especially  not  drawing  it  up 
into  wrinkles.  The  bit  should  be  of  the  right  length  for  the  width 
of  the  Jaw.  Less  damage  will  be  done,  howeVer,  if  the  bit  is  too 
long  than  If  too  short.  If  the  bit  tends  to  irritate  the  mule's  mouth 
at  the  ends,  relief  may  be  given  by  putting  a  large  leather  washer 
around  the  bit  inside  the  ring.  The  blinds  must  be  so  adjusted  as 
not  to  touch  the  eyelashes. 

The  fit  Of  the  collar  requires  close  attention.  If  it  is  too  small, 
it  will  cut  off  the  wind :  if  too  large,  it  is  likely  to  make  the  shoul- 
ders sore.  When  the  collar  is  on  and  adjusted,  there  should  be  room 
to  insert  the  open  hand  between  the  bottom  of  the  collar  and  the  ^  ' 
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pipe,  and  not  much  more.  Collars  sbould  always  be  buckled  when  off 
the  mules.  A  collar  which  is  the  right  sise  but  not  the  right  shape  can 
be  improrved  by  soaking  it  in  water  and  putting  it  on  wet.  A  day's 
-work  in  the  rain  will  produce  the  same  result.  The  undersurface  of 
the  collar  should  be  kept  clean  and  soft.  Do  not  scrape  It,  but  rub  or 
wash  it  clean.  The  same  remark  applies  to  every  part  of  the  harness 
which  touches  the  mule's  skin.  Cleaning  the  outside  of  a  harness  Is 
good  for  the  harness  only ;  cleaning  the  Inside  is  good  for  both  mule 
and  harness.  The  driver  should  be  provided  with  two  or  more  small 
pads  of  sheep. skin  with  thongs  attached.  If  the  skin  is  abraded  by 
the  harness*  iwo  of  these  pads  may  be  lashed  to  the  underside,  one  on 
each  side  of  the  sore,  and  will  anord  relief  until  the  march  is  over 
and  regular  treatment  can  be  applied.  The  hames  should  be  so  ad> 
justed  to  fit  the  collar  closely  without  pinching  it  out  of  shape. 

To  clean  Itarnessy  hang  a  set  on  a  pole  or  line ;  wet  a  sponge  in 
clean  water  and  rub  gentlv  over  the  harness  until  the  dirt  is  softened* 
Binse  the  sponge  frequently  and  renew  the  water  as  often  as  neces- 
sarv.  Next  rub  the  sponge  on  the  harness  soap  until  a  good  lather 
is  formed.  Give  the  harness  a  thorough  coating  of  it  and  continue 
the  rubbing  until  all  dirt  is  removed.  It  may  be  necessary  to  use  a 
thin  piece  of  wood  to  get  some  spots  clean.  When  the  narness  is 
clean  rub  up  a  very  thick  lather  and  coat  the  leather  evenly  with  it, 
allowing  it  to  dry  without  rubbing.  After  the  lather  has  been  ab- 
sorbed and  the  leather  is  dry,  dip  a  small  clean  sponge  in  harness 
dressing  and  touch  the  harness  lightly,  rubbing  just  enough  to  spread 
the  dressing  evenly. 

If  the  leather  is  very  hard,  after  cleaning  as  above,  take  a  pint  of 
neat's-foot  oil  and  a  teaspoonful  of  lampblack  to  each  single  set.  Mix 
thoroughly  until  a  black  glossy  appearance  is  produced  and  apply  an 
even  coat  with  a  small  sponge,  rubbing  it  weu  in.  In  cold  weather 
warm  the  oil  enough  to  make  it  flow  freely,  but  do  not  let  It  get  hot. 
After  thoroughly  dry,  apply  harness  dressing  as  above  described. 

HarneBS  slioald  be  looked  OTer  carefully  every  day.  If 
stitches  are  broken,  leather  worn  or  cut,  or  any  metal  parts  cracked 
or  broken,  have  the  defect  remedied  at  once.  If  stitches  are  taken,  be 
careful  not  to  leave  knots  on  the  inner  surface  of  the  harness.  Fasten 
at  beginning  and  end  by  drop  stitches.  In  the  field  provide  supports 
for  the  harness  and  keep  it  ofl!  the  ground  when  not  in  use. 

The  following  allowances  of  materials  for  the  repair  and  preser- 
vation of  harness  are  prescribed  in  addition  to  those  listed  in  para- 
graph 14,  as  a  part  of  the  equipment  of  an  escort  wagon  and  ambu* 
lance: 

For  each  double  set  of  quartermaster  harness ;  1  leather,  harness, 
black,  pound ;  i^  rivets  and  burrs,  copper,  pound ;  2  thread;  saddler's, 
ounces;  2  wax,  saddler's,  ounces. 

For  every  20  double  sets  of  quartermaster  harness:  1  needles. 
Glover,  paper ;  2  needles,  harness,  No.  ^,  papers ;  2  needles,  harness. 
No.  3,  papers ;  2  needles,  harness.  No.  4,  papers. 

The  following  sizes  of  rivets  and  thread  are  required :  Rivets  and 
burrs,  copper.  No.  8,  li-inch;  No.  9,  i-inch;  No.  9,  1-inch;  No.  12, 
1-inch.  The  rate  of  consunr.ption,  by  weight,  of  each  of  these  sizes  is 
ordinarily  the  same.  Thread,  saddler's,  Nos.  3  and  10,  the  same 
amount  of  each. 

Loops,  halter,  IJ  inches 2  dozen. 

Open  links.  No.  2  iron,  10  per  foot 60- 

Oil,  neat's-foot 10  gallons. 

Rings,  No.  2.  li  and  2  inches 2  dozen  each.  ' 

Rings,  breeching,  No.  3,  3i,  and  4  inches 2  dozen  each. 

Rings,  D,  li  inches 1  dozen. 

Rings,  line,  li  inches 2  dozen. 

Rivets  and  burrs,  copper,  No.  12,  }  and  g  inch, 

No.  8,  i  and  B  Inch 1  pound  each. 

Slides,  breast,  li  inches 1  dozen. 

Snaps,  harness,  Z  and  1  inch 2  dozen  each. 

Snaps,  harness,  1}  and  IJ  inches 1  dozen  eac^ 

Soap,  harness 100  pound' 


ftf»»/n^«*,  ''»»ir?54t.    ,_    - :; 

SB^IUHj-ftf,  ballt^r,  li   i»y  l\  Inrbet-i _^  3 

Tji'Kj?.  4,  *>,  ami   1  J  ounn* |  doaem  pcp«rs  eart. 

Tlij-eM*!,  »»)•»«*.  Huriiuur'H  S*m,  'A  and  10,  white 1  poToad  eacii. 

ToiSislfti,  trui'ti  —    Aldoses. 

Wax,     haddi(ir%     liim^k,     tip  ring:,     summer,    or 

winfrr 1  pooBd. 

14.  WairoB*.  — Kor  prt^QHral  frci^^bting,  the  wagoss  te  use  in  -r'l^ 
TJoirf^i  ii$rur>>r<  !ft»rvice  are  the  mmr  •^^^  weiishin^  1.950  pamm&&.  h-z-i 
carry ini;  4.«mm)  piMinde.  wtrh  a  H-mule  Jerk-line  team,  aad  ttte  ««c>«rt 
(tit^.  in,  wef(j^hinir  t,;300  pofinrjs  and  carryini?  3,000  poam^  with  s 
foiir-IinH  t4*am.  The  armv  Hix-wagon  i»  no  longer  fondahe^  by  Qn&r- 
tHrmascer  Corps  for  qmc  in  campaigning;  being  tfniited  to  use 'in  gai- 
rirfons. 

The  bridge  equipage  !»  carried  on  two  types  of  wagaaa;  fl^  ip^mtoa 
'WWkm^n.  (H|<.  10),  weijfhlng  *J.2O0  poands,  and  carrying  2.900  ponn<iK 
and  the  eli««s  "wmm^nt,  weighing  1,750  ponnds,  and  canrytn^  2.^>) 
to  2,7<)0  pounds.  The  ponton  wagon  is  nsed  for  the  wooden  pontoc. 
The  chess  wagon  is  UNe<l  for  all  other  brid;^  loads. 

To  lEe«9  s  -watgom  in  •rd^r  it  is  only  necessary  to  keep  af. 
nuts  tightened,  the  wheels  greased,  and  to  wash  the  mod  off  wbes 
epportnnity  offers.  Four  to  six  pounds  of  axle  grease  per  irasoa  per 
month  will  b«>  ample.  In  dry  sand  wagons  in  constant  serrice  sbouM 
he  greased  daily.  On  hard  roads  they  should  be  greased  etei  j  40  to 
AO  miles.  Always  clean  off  the  old  grease  before  putting  on  tbe  new. 
In  Wiiahlng  use  as  much  water  and  as  little  rubbing  as  possfMe. 

The  follo^Rn^  are  spars  ptrts  and  aoosssories  for  each  escort  wagon,  ambulance 
and  accompanying  teams: 

Eflcort  wagon  ami  hamoss,  complete  set— 

Wagon,  e.4cort  (includes  running  gear;  wagon  body;  1  tongue;  1  dooblstree:  1  l«id 
bar;  4  slngltitrees;  4  bows;  2  cbahu,  lock;  1  wagon  cover;  1  jockey  box  and  1  oscil- 
lating tool  ^ox.  each  with  padlock  and  key;  1  driver's  seat;  and  1  axle  wrench'. 
Total  weight,  2,033  pounds. 


Where  carried. 


Wagon  equipment. 

Wagon  parts,  extra  (total  weight,  106 
i)odnda)-^ 

BIockStl>rttke In  oscillating  tool  box. 

Bolt,kfaig do 

Bolts,  tire- 
by  2|  inches do 

by  alnehes do 

Bolti,  wagon— 


Num- 
ber. 


f 

k  by  U  Inches ' do. 

•ji^  D  y  1 3  inches i do , 

A  by  3  inches do. 

r  by  2J  inches do- 
by  3  inches [ do 

by  11  inches do 

by  4  inches. 
Lloks,  open 

MtiAa    «»3Cie 


'on— 
U  inches. 
^  inohea . 


do 

..-.do 

....do 

On  left  side  of  wagon  body. 


In  oscillating  tool  box .... 

do 

On  left  side  of  wagon  body . 


Bolted  to  coupling  pole. 
In  oscillating  tool  box.. 


2 
1 

1 
5 

2 
2 
1 
2 
2 
1 
4 
3 

a 
1 

G 
4 
1 

1 
1 
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Where  carried. 


Num- 
ber. 


^Vagoh  equipment— Continued. 

Wagon   accessories    (total    weight, 
pounds) — 

Ax  and  helve : 

Bags,  nose 

Brush,  horse 

Bucket,  galvanized  iron 

Comb,  curry 

Globe,  lantern 
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.do. 
.do. 
.do. 
.do. 
.do. 


Grease,  axle,  pounds 

Halters  and  straps 

Lantern  frame,  combination. 

Pickax  and  helve 

Kope,  1-inch,  feet. 

Spade 

Whip 

Wick, lantern. 


Wrench,  monkey 

Twine,  oall 

(For  winter  use,  when  especially  au- 
thorized, X  blanket-lined  cover  for 
each  mme.) 
Samess: 

Lead,  s.  s.  (72  pounds) 

Wheel,  s.  s.  (90  pounds) 

Harness  equipment — 

Harness  parts,  extra  (total  weight, 
SJpoimds) — 
Buckles — 

J-inch 

j-inch 

1-inch , : 

2-inch..., 

Clips,  trace 

Hames 

Rings— 

|-inch 

1-inch..: , 

IJ-inqh '. 

2-inch 

Snaps— 

1-inch : 

li-inch - , 

2-inch 

Straps,  hame 

Harness  accessories  (total  weighty 
6  pounds)— 

Oil,  ndat's-foot,  gallon 

Soap,  harness,  pound 

Sponge ' 

wire,  stove,  spool 


In  lantern,  in  oscillating  tool 

box. 

In  oscillating  tool  box 

do 

do J 

.....do 

do 

do 

In  socdcet 

In  lantern,  in  oscillating  tool 

box. 

In  oscillating  tool  box 

do 


On  mules . 
,..,.d6. .. 


In  jockey  box 

do 

do, 

do.... 

In  oscillating  tool  b03^. 
do 


In  Jockey  box. 

do 

do 

do 


.do. 
.do. 
.do. 


In  oscillating  tool  box. 


do 

do 

do 

In  jockey  box . 


ISO 


2 
2 


1 
X 
1 
1 
2 
2 

1 
1 
1 
1 

1 
1 
1 
3 


t 

1 
1 


Wheels,  ex^a.— One  wagcm  of  each  regimental  field  train,  preferably  the  most 
lightly  laden  grain  wagon,  will  be  equipped  with  one  extra  nlnd  wheel  in  addi- 
tion CO  the  usual  wagon  equipment. 
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Lists  of  spare  parts  for  bridge  wagons  are  given  in  Ponton  Maniu: 
15.  Paclc  saddles. — The  adopted  pack  saddle  is  of  the  Spani«: 
type*  and  is  commonlv  called  by  its  Spanish  name  aparejo.  !*> 
principal  parts  are  the  body,  the  cover,  the  clnclta.  and  tl- 
opupper.  These  parts  have  subdivisions,  which  are  less  importac*. 
The  accessories  added  to  the  above  to  make  the  aparejo  complete 
are  the  corona,  the  blanket,  the  lasb  rope  with  its  elndfta.,  tt- 
■linv  ropes,  tne  lair  ropes,  and  the  mantas  or  pack  covers. 

The  body  of  the  aparejo  consists  of  2  pieces  of  heavy  leather  2^ 
Inches  wide  by  68,  60,  or  62  inches  long,  sewed  together  at  tbe  edg*^ 
and  across  the  middle  of  the  length  forming  2  pouches.  Into  whic 
moss  or  hav  is  stuffed  to  form  pads  fitting  the  contour  of  the  animi 
on  either  side  of  the  backbone.  In  the  American  form,  the  pads  an 
given  a  peculiar  elastic  stiffness  by  means  of  ribs  of  wood  or  met. 
extending  from  a  saddle  piece  at  the  top  of  each  pouch  to   a  hoc* 

Riece  at  the  bottom.  These  ribs  are  stiffei'  at  the  front  and  mor 
exible  at  the  back,  varying  uniformly  between.  They  convert  each 
pad  into  an  elastic  lever,  by  which  the  pull  of  the  cincha  on  the  bot 
tom  acts  to  raise  the  aparelo  and  its  load  from  the  backbone,  while 
the  stuffing  distributes  the  load  uniformly  over  a  large  space  on  tb-^ 
ribs.  The  stuffing  is  introduced  through  a  handhole  in  the  middle  of 
the  underside  of  each  pad,  through  which  it  is  always  accessible,  and 
the  finest  art  of  the  packer  consists  in  fitting  the  pads  to  the  shape 
of  the  particular  animal  which  is  to  carry  tne  aparejo,  and  keeping 
them  so  regardless  of  changes  in  the  animal's  condition  by  shiftinz, 
removing,  or  renewing  the  stuffing.  If  a  bunch  rises  on  the  «TiimftX 
it  can  be  worked  down  by  taking  out  stuffing  immediat^y  over  it  so 
as  to  take  off  the  pressure  at  that  point.  Determine  the  proper  point 
by  wetting  the  top  of  the  bunch  and  laying  the  aparejo  on  the  mule. 
Aparejos  and  mules  are  numbered  and  the  same  pack  is  always  on  the 
same  mule. 

The  function  of  the  crupper  is  not  what  would  naturally  be 
expected.  If  the  aparejo  is  properly  set  up  and  fitted  there  will  be 
no  tendency  to  move  back  or  forward..  The  crupper  is  in  reality  a 
steadying  lever  to  keep  the  aparejo  from  rocking  fore  and  aft  as  tbe 
mule  travels.  For  this  purpose,  the  dock  piece  is  large,  smooth,  and 
soft,  and  the  crupper  is  wide,  stiff,  and  irmly  laced  to  the  body.  The 
crupper  is  adjustable  in  length,  and  must  be  accurately  fitted  so  that 
when  the  aparejo  is  in  its  proper  place  the  dock  piece  will  ride  be- 
tween tail  and  dock  without  pressing  on  either. 

The  cover  is  permanently  attached  to  the  body  and  may  be  con- 
sidered a  part  or  it. 

The  dncha  is  of  heavy  canvas,  doubled,  and  10  inches  wide.  It 
is  long  enough  to  reach  from  the  near  boot  under  the  mule  and 
around  the  aparejo  to  a  little  beyond  the  middle.  The  ends  are 
connected  by  the  latlgro,  or  cincha  strap. 

The  corona  is  a  pad  usually  of  several  thicknesses  of  blanket, 
with  a  number  or  design  which  identifies  the  pack.  It  is  important 
that  the  corona  shall  not  be  separated  from  its  aparejo. 

Off  the  mules  the  aparejos  are  placed  in  a  row  on  the  ground  or 
on  skids,  standing  on  tnelr  boots.  TThe  cincha,  folded  with  the  latigo 
Inside,  rests  on  the  aparejo.  The  crupper  Is  turned  so  that  the  dock 
piece  rests  on  the  cincha.  The  corona  Is  placed  on  top  of  all. 
Canvas  covers  are  stretched  over  the  line  of  aparejos  and  tied  down. 
The   line   of   aparejos   so  arranged   is   usually   referred   to   as    the 

'  Bach  packer  is  provided  with  a  blind.  The  mules  are  trained  to 
stand  perfectly  stfil  when  blinded,  and  if  it  is  necessary  to  move  a 
— •<»  even  by  a  step,  the  blind  should  be  lifted. 

I  nlace  the  aparejo  on  the  mule  the  corona  is  first   put 

hlv  on.  followed  by  the  blanket  folded  to  6  thicknesses.     The 

o  is  then  put  on  slightly  in  rear  of  its  place.    The  crupper  is 

the  dock  piece  adjusted,  the  aparejo  settled  to  its  place,  and 

cha  unfolded,  placed,  and  tightened.     Never  put  on  or  adjust 

with  the  muleMi  head  uphill. 
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16.  Loadu  are  diyided  into  side  paelui  and  top  pa«lcs.  Bide 
packs  should  be  of  approximately  equal  weight  and  size.  A  keg  of 
paint  on  one  side  and  an  equal  weignt  of  oakum  on  the  other  do  not 
make  a  proper  load.  Side  packs  should  not  be  longer  than  30  inches, 
wider  than  20  inches,  nor  deeper  than  12  inches.  If  the  Bide  packs 
do  not  fill  out  a  load,  the  rest  is  placed  between  them  as  a  top  pack. 
Articles  which  by  their  size  or  shape  are  not  suitable  for  side  packs 
are  carried  on  top.  The  center  of  gravity  of  the  entire  load  should 
be  below  the  top  of  the  saddle,  and  the  lower  the  better.  For  mis- 
cellaneous cargoes,  the  freight  is  made  up  into  side  and  top  packs, 
each  wrapped  in  a  mantat  or  canvas  cover,  and  tied,  or  laired  up 
with  lair  ropes.  If  a  pack  contains  articles  of  different  weights, 
place  the  heaviest  at  the  bottom.  The  side  packs  are  slung  across 
the  aparejo  by  the  sltnir  ropes  and  lashed  on  with  the  laah  rope 
and  eincha  in  the  form  of  the  diamond  hlteli  (figs.  84  to  88.) 
Sucb  a  load  must  remain  unbroken  until  the  end  of  the  march. 

17.  Care  and  prenervatlon. — All  parts  of  the  rigging  should 
be  kept  clean  and  the  leather  parts  soft  and  pliable.  Toe  materials 
and  methods  glyen  for  harness  may  be  adapted. 

18.  In  taklniv  off  laslied  paclc«>  the  lash  rope  Is  removed ;  its 
eincha  laid  on  the  ground  in  the  middle  of  the  line  to  be  occupied. 
The  lash  rope  is  coiled  down  on  the  eincha  and  its  end  stretched  out 
10  feet  to  one  side.  .  The  sling  rope  is  then  unfastened,  the  packs 
dropped  from  the  aparejo  and  laid  on  the  lash  rope  lengthwise  with 
the  eincha.  The  sling  rope  is  coiled  on  the  packs,  ana  the  end  of 
the  lash  rope  brought  up  on  top.  The  eincha  of  the  second  pack  is 
laid  down  on  one  side  of  the  llrst  and  parallel  to  it  at  2  feet  dis- 
tance,  but  with  the  end  of  the  lash  rope  on  the  opposite  side.  The 
packs,  etc.,  are  placed  on  it  as  described.  The  third  pack  is  placed 
on  the  other  side  of  the  middle  one,  and  so  on  until  all  are  down 
in  a  line.  After  all  cargoes  are  off,  the  apareJoe  are  removed. 
Cargoes  are  also  covered  with  pieces  of  canvas  called  cargo  eovenu 
Mantas  may  be  used  if  there  are  spare  ones. 

19.  Marches. — A  draft  mule  is  rested  bv  a  halt ;  a  pack  mule  Is 
not  unless  unloaded.  Wagon  trains  should  start  early  and  make 
frequent  halts.  These  should  be  of  two  classes,  longer  ones  at  regular 
time  intervals,  and  shorter  ones  of  a  minute  or  two  after  every  un- 
usually hard  pull.  The  length  and  interval  of  the  longer  halts  will 
depend  upon  the  time  and  distance  to  be  made. 

As  a  rule,  if  a  mule  has  made  one  dead  pull,  he  will  not  try  to  pull 
again  on  the  same  load  in  the  same  place,  when  it  Is  evident  that 
the  team  must  stop,  the  driver  should  stop  it  before  It  is  stalled ; 
otherwise.  In  most  cases,  he  can  not  get  another  pull  out  of  the  team. 
A  very  slight  change  of  conditions  will  often  encourage  stalled  mules 
to  pull  again.  Cases  have  been  reported  in  which  reversing  the 
near  and  oflT  mules  had  the  desired  effect.  A  little  visible  assistance,, 
as  a  few  men  on  dragropes,  has  an  excellent  effect.  Mdst  mules  on  a 
hard  pull  will  not  go  into  the  collar  gradually  as  a  horse  does,  but 
will  throw  themselves  forward,  and  if  the  load  does  not  move,  will 
immediately  fall  back.  It  is  difficult  to  get  a  steady  lay-down  pull, 
out  of  a  team  of  muleS  in  which  every  animal  is  doing  his  best  at 
the  same  moment.  A  team  of  two  mules  on  a  hard  pull  will  often. 
seesaw  on  the  doubletrees  without  pulling  as  much  as  either  could 
alone.  It  is  better  to  have  stop  chains  on  the  doubletrees,  leaving 
only  enough  slack  to  prevent  one  mule  from  shirking. 

It  may  be  quicker,  in  case  of  great  obstacles,  to  unload  wagons 
and  take  them  to  pieces  and  carry  over,  than  to  attempt  to  naul 
over.  A  portage  may  also  be  made  when  otherwise  the  urain  could, 
not  advance  at  all. 

A  pack  train  should  be  allowed  to  make  its  march  without  halts, 
except  for  water,  if  it  can  be  done.  They  may  start  later  or  get  in 
earlier,  according  to  circumstances.  If  the  column  is  of  great  length,, 
no  relief  can  be  given  them  in  this  way,  and  they  must  halt  witb 
the  rest 


( 
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Wlinri  ffotnff  Into  bivouac  or  camp,  the  comiMUiy  and 

rhtUm  Htm  Unixtttiigfi  wukohb  are  conducted  at  once  to  the  iites  of  thfrr 
r<«M)H«i«tlvn  klh'MHriH.  If  a  bivouac,  they  remain  tJiere  all  nisbt,  nsJe^ 
iti  tliH  pri'Nirru'o  of  the  enemy ;  If  a  camp,  they  are  onloaded,  and  joia 
iUtt  runt  of  tlie  train  in  park.    ' 

Ttia  trnln  1m  park<*d  in  line,  preferably  to  leewaid  of  the  camp,  and 
«Hi  enmud  whUh  doeg  not  drain  toward  It.  The  picket  Hue  will  be 
uirt*ii'Ufi\  parnJIoI  to  the  wagon  line  and  preferably  in  fmnt  of  it 
lliouuli  ttiwnyii  on  dry,  gently  sloping  ground,  If  it  can  be  found.  The 
ittiHt  ^ItA  In  along  n  ridge  with  the  ground  sloping  both  ««ys  from 
tfiA  lln».  'The  muloH  stand  on  both  sides,  and  there  should  be  Z 
yardw  of  Una  for  each  4  mules.  If  the  4>male  wagons  are  3  yards 
aparf  In  park  and  the  6'mule  wagons  4)  yards  apart,  tonsne  to 
tongue,  each  team  at  the  picket  line  may  stand  tn  nont  of  its  own 
wagon,  which  la  a  very  convenient  arrangement. 

rioK<»t  llfi^s  are  of  two  kinds,  grroiind  and  liisb.     A  mr^mmd 
Uuft  Is  strptclied  on  the  ground,  attached  at  its  ends  and   at  in- 
tervals of  about  80  yards  to  stakes  or  some  other  form  of  holdfaat. 
A  1  In^h  dlauif'tor  rope  of  sufficient  length  should  berfsurrled  for  the 
puriiose,  hut,  If  necosMary,  a  ground  line  may  be  made  ap  of  pi^et 
or  lash  ropes.     A  hivh  lino  is  stretched  on  trees  or  stakes  set  In 
tlid  ground.     If  stakes  are  used,  they  should  be  at  least  8  feet  long, 
set  8  fofit  in  the  ground.     At  4i  feet  from  the  gronnd,  holee  should 
be  bored  large  enough  to  take  the  line.     From  each  end  post  the  line 
should  rtjn  obliquely  to  the  ground  and  be  attached  to  a   holdfast 
A  high  line  for  temporary  use  may  be  obtained  by  rnnnins  every  fifth 
wagon  to  the  ffont  and  stretching  the  line  across  them.    TTne  end 
wagons   ahould  be  loaded  ones,  and  all  must  have  the  brakes  set 
Picket  lines  will  be  stretched  with  tackle  if  any  is  at  hand ;  otherwise, 
by  the  following  method :  Attach  the  rope  at  one  end  and  lead  it 
tnrough  all  the  supports  or  fastenings ;  about  16  feet  from  the  other 
etfd  makt)  a  bowline  in  the  rope,  pass  the  end  around  or  thxmi^h  the 
end  fastening  and  back  through  the  bowline.     By  haultng  on   the 
end  of  the  ro^ie  the  nec^ssarr  strain  may  be  set  on  the  itne,   the 
bowline  acting  as  a  single  block.    The  end  stakes  of  a  hl^rh  line 
c^ould  Incline  outward  slightly. 

TJie  picket  Itite  shotiid  be  ditched  if  it  is  to  be  need  for  some 
time,  and  If  rain  threatens  It  should  be  ditched  even  for  a  bivouac. 
The  only  exception  is  when  the  line  is  on  a  ridge  and  the  around 
slopes  from  it  in  both  diirectlons.  Open  a  ditch  on  the  hl^  side 
about  8  yards  from  th6  line.  If  the  ground  slopes  along  the  line, 
the  ditch  ^iU  be'  parallel  to  it,  and  will  have  an  outlet  at  the  lower 
end ;'  otherwise,  the  ditch  must  be  farther  uphill  at  the  middle,  and 
will  have  An  outlet  at  each  end.  This  drainage  should  be  kept  in 
mind  In  locating  the  line. 

20.  Stable  .duties. — The  prime  requtsites  In  stabling  mules  are 
ftefe  circulation '  of  air  without  drafts,  equable  temperature,  dryness, 
and  cleanliness.  Grain  is  fed  at  reveille  by  the  stable  orderlies. 
When  the  aninlals  have  finished  eating,  those  to  be  used  are  harnessed 
and  hitched  up.  The  rest  are  turned  Into  the  corral  or  tied  at  the 
picket  line.  The  stable  police  then  fork  all  clean  and  dry  bedding 
to  the  head  of  the  stall  and  work  the  rest  of  the  manure  into  piles 
r^ady  for  loading.  The  manure  wagon  is  driven  down  the  aisle  and 
loaded.  The  hay  Is  then  distributed  to  the  mangers  and  the  addi- 
tional bedding  is  procured  and  spread.  The  aisle  may  then  be  washed 
^th  hose  and  brooms  If  the  air  is  dry;  if  damp,  do  not  wash,  but 
sweep  up  with  sfeble  brooms.  The  evening  feed  is  put  in  the  mangers 
at  afteinriooii  stables. 

Mules  of  the  .same  team  should  stand  together,  and  their  harness 
ahoutd  be  hung  on  racks  in  rear  of  their  stalls.  It  is  much  better  to 
haye  harness  covers  to  keep  off  dust. 

'^mlngr  is  quite  as  Important  to  the  mule  as  to  the  horse,  but 
not  get  so  much  of  it,  and  In  the  nature  of  things  he  can  not. 
lid  be  groomed  every  day  if  it  can  possibly  be  done.     When 
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coming  in  from  a  long  muddy  march  the  wet  mud  shoald  be  wiped 
off  with  a  wisp  of  straw  before  It  dries  and  hardens.  If  the  animal 
will  not  stand,  tie  up  a  hind  foot  as  described  in  shoeing.  Always  tie 
np  the  foot  on  the  side  opposite  to  that  which  is  to  be  groomed. 

21.  Shippinar  mulea  by  rail. — ^The  cars  furnished  may  be 
either  i 

The  palace  mtoels.  ear,  length  36  to  40  feet,  capacity  16  to  20 
head;  each  animal  in  a  separate  stall,  with  a  compartment  for  at- 
tendants, or 

The  Improved  atoclc  ear,  length  36  feet,  capacity  20  to  24 
head,  with  facilities  for  feeding  and  watering  in  car,  or 

The  ordinary  atoek  ear,  length  30  to  34  feet,  capacity  16  to  20 
head,  with  no  appliances  of  any  kind. 

Before  loading,  examine  the  car  carefully  to  see  that  the  floors  are 
not  rotten  or  broken ;  that  the  sides  are  secure,  and  that  there  are  no 
projecting  nails  or  splinters  on  the  inside.  The  car  should  be  cleaned 
and  the  floor  covered  with  sand  or  sawdust.  Hay  or  straw  should 
never  be  allowed  in  a  stock  car  on  account  of  the  danger  from  fire. 
The  man  in  charge  should  be  provided  with  a  lantern,  bucket,  and 
hatchet.  The  latter  is  to  be  used  to  cut  away  part  of  a  board  in  case 
an  animal  gets  Ills  hoof  through  the  side  of  the  car. 

Except  in  very  hot  weather,  pack  the  animals  snuglv  in  the  car,  as 
thev  will  ride  better  than  if  loosely  packed.  If  an  animal  falls  down 
in  the  car  it  will  be  almost  Impossible  for  It  to  get  up  without  ai^sist- 
ance.  The  attendant  should  enter  the  car  at  the  end  and  crawl  along 
the  side  nearest  the  animal's  head  until  he  is  reached.  Take  him  by 
the  halter  and  raise  his  head.  With  this  assistance  he  will  probably 
get  us.  For  loading,  use  the  railroad  platform  or  the  loading  ramp 
found  at  railroad  stations,  or  make  a  ramp  well  supported,  with  strong 
sides,  and  with  cleats  on  the  floor  to  prevent  slipping.  Lanyards 
should  be  attached  to  each  side  of  the  floor  near  the  middle  and 
made  fast  to  truss  rods  or  door  fittings  of  the  car  to  prevent  the  ramp 
from  eliding  off  the  doorsiU. 

If  lumber  is  not  at  hand  a  ramp  may  be  made  of  poles  and  brush, 
supported  on  trestles  and  floored  like  a  bridge.  (See  Bridges.)  As  a- 
last  resort  throw  up  a  ramp  of  earth,  reaching  as  near  as  possible  to 
the  side  of  the  car.  and  bridge  the  gap  with  the  car  door. 

For  loading  with  Improvised  facilities,  always  try  to  get  the  cat 
into  a  shallow  cut. 

Lead  the  animals  np  the  ramp  and  into  the  car  and  tajte  off  the 
halter  straps  but  not  the  halters.  If  the  mules  are' shy  of 'the  ratnp 
a  little  hay  thrown  on  It  will  make  them  less  timid,  very  obstinate 
cases  can  be  handled  by  passing  a  rope  around  the  haunches  and  hav- 
ing a  few  men  pull  on  each  end.  Tne  first  animal  is  led  to  one  end 
of  thQ  car  and  the  second  to  the  other'  end,  leaving  the  middle  for  the 
last  ones  loaded.  The  animals  face  opposite  sides  of  the  car  alter* 
nately.  Each  one  led  in  must  be  held  until  the  next  one  is  in  place. 
Load  quietly  and  avoid  exciting  the  animals  either  by  haiste  or  by 
unnecessary  dielay.  It  may  occasionally  be  necessa)*y  to  blindfold 
an  animal  before  he  can  be  led  in.  Animals  in  transit  should  be  fed 
and  watered  once  a  day  at  least,  or  twice  if  opportunity  offers.  If 
closely  packed  In  ordinary  cars  they  should  be  unloaded  and  exercised 
once  in  48  hours  and  given  6  hours'  rest. 

22.  Slitppfnflr  animals  by-  sea. — Ships  must  be  especially  fitted 
up  and  equipped  for  this  service.  Free  ventilation  and  cleanliness 
are  of  the  utmbst  importance.  Air  ports  should  be  large  and 
numerous  and  wind  sails  must  be  set  up  in  ^very  hatch  to  each  deck. 
If  there  are  dead  spaces,  special  air  shafts  must  be  buHt  to  supply 
them.  If  there  is  machinery  on  board,  forced  ventilation  should  be 
employed.  Animals  do  best  on  deck,  except  in  very  heavy  weather, 
and  snould  never  be  put  below  the  water  line.  Stalls  ate  built  in 
double  rows  lengthwise  of  the  ship  facing  each  other,  with  a  4-foot 
aisle  l>etween.  There  should  be  a  passageway  athwartshlps  at  each' 
end  of  each  compartment,  and  if  the  vessel  is  wide  enough  th^ 
outside  rows  of  stalls  should  be  3  feet  from  the  sides  of  the  ship 
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Stanchions  6  by  6  Inches  are  set  up  30  Inches  c.  to  c.  lengthwise 
and  6  feet  6  inches  c.  to  c.  athwartshlps  between  the  posts  of  the 
same  stall.  The  stanchions  are  well  secured  at  top  and  lightly  to 
the  deck.  Before  setting  up,  the  stanchions  are  mornsed  for  the  side 
boards  as  shown  in  figures  20  and  21.  The  stanchions  should  be 
further  stayed  near  the  tops  by  ties  in  both  directions,  fastened  to 
or  firmly  butting  against  the  framework  of  the  vessel.  The  ties 
should  run  straight,  disregarding  the  curve  and  sheer  of  decks.  A 
false  floor  of  2-inch  plank  8  to  12  inches  wide  is  spiked  or  bolted  to 
the  deck,  the  planks  running  lengthwise  of  the  stalls,  with  i-inch 
space  between  them.  If  the  ship  Is  to  be  used  for  this  purpose  for 
a  considerable-  time,  the  floor  should  be  double,  with  tar  paper  between 
the  courses.  The  floor  is  cut  closely  around  the  feet  of  tne  stanchions. 
Hardwood  cleats  are  placed  across  the  stall  and  fastened  to  the  false 
floor  with  screws.  In  spiking  down  the  false  floor  the  nails  should 
be  so  driven  that  their  heads  will  be  covered  by  these  cleats.  Larger 
cleats  are  laid  lengthwise  from  foot  to  rear  posts.  The  stall  par- 
titions are  of  2-lnch  plank,  smoothly  planed  (fig.  22),  inserted  In  the 
mortises  in  the  stanchions,  and  the  rear  ends  are  closed  by  haunch 
pieces.  These  are  shaped  as  shown  in  section  in  figure  23  and  are 
fastened  by  lag  screws  to  a  plank  bolted  to  the  rear  posts.  The 
haunch  piece  is  adjustable  in  height  (fig.  24)  and  should  be  placed 
so  that  its  bottom  edge  will  catch  the  mule  2  inches  above  the  hock. 
The  front  Is  best  closed  by  a  heavy  canvas  band  8  Inches  wjde,  with 
reenforced  edges,  a  spreading  stick  at  each  end  and  a  grommet  in 
each  corner  for  lashing  it  to  the. front  posts.  A  light  strap  over  the 
neck  will  keep  this  band  in  place  like  a  breast  collar  and  the  lash- 
ings may  be  left  slack  enough  to  permit  the  mule  to  sway  and  ride 
easier.  Projecting  nails  must  be  avoided,  edges  and  corners  smoothed 
and  rounded,  knot  holes  trimmed  out  and  splinters  removed,  and  all 
parts  which  the  mule  can  reach  with  his  teeth  should  be  sheathed 
with  metal  or  wrapped  with  wire. 

For  deck  stalls  the  posts  are  capped  tq  form  supports  for  a  roof 
of  2-inch  stuff,  which  should  be  covered  with  tar  paper.  The  stalls 
must  also  be  strongly  cross-braced.  This  is  best  done  hv  inserting 
diagonals  between  the  posts  of  every  fifth  or  sixth  partition.  The 
entire  structure  must  be  thoroughly  strapped  or  tied  down  to  the 
deck. 

tinder  no  circumstances  should  any  stock  be  loaded  until  the  ship 
is  ready  to  sail,  completely  equipped,  supplied,  and  manned. 

"Waterf nar  is  easily  done  by  buckets  filled  from  a  hose,  the  noszle 
of  which  is  carried  along  the  aisle.  The  nozzle  should  have  a  cock 
to  enable  the  flow  to  be  controlled  at  the  end.  The  supply  should 
not  be  less  than  10  gallons  per  mule  per  day.  If  condensers  are 
used,  there  should  be  several  days'  supply  in  fresh-water  tanks  to 
provide  against  a  breakdown  of  the  machinery  or  the  use  of  Water 
not  thoroughly  cooled. 

Feedli&flr  is  best  done  on  the  false  floor  in  front  of  the  stalls. 
Cleats  may  be  nailed  down  to  form  shallow  boxes  to  hold  the  srain 
in  place.  In  heavy  weather  it  may  be  better  to  use  nosebags. 
Grain  should  be  fed  early  in  the  morning.  None  should  be  given  the 
first  day  out.  The  second  day  a  half  ration  should  be  fed  and  in- 
creased bv  small  quantities  if  found  necessary  to  keep  the  animals 
in  condition.  Bran  mashes  with  salt  should  be  fed  once  a  ^veek. 
After  feeding  the  deck  should  be  thoroughly  cleaned  and  such  dis- 
infectants as  are  to  be  used  should  be  applied.  Then  the  hay  should 
be  fed 

It  is  better  to  leave  one  vacant  stall  in  each  tier.  Remove  the  side 
boards  and  shift  the  next  animal  into  the  vacant  stall.  Clean  bis 
stall  thoroughly  and  shift  the  second  animal  into  it,  and  so  on. 

In  loadingr  and  nnloadli&flr  the  animals  should  be  led  up  and 
^own  ramps  and  gangways  if  possible.     If  they  are  to  be  transferred 

•»  or  from  lighters,  or  dropped  into  the  water  to  swim  ashore,    a 

Ing  or  flying  stall  must  be  used.     After  landlngi  animals  sboald 
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be  corraled  with  the  shortest  possible  march  and  should  be  allowed 
to  rest  3  or  4  days  under  conditions  which  permit  gradual  increase 
of  activity. 

The  lillnv  should  be  5  feet  long  and  2  feet  wide,  of  heavy  canvas, 
reinforced  at  the  edges  by  a  2-inch  binding  of  the  same.  A  hem 
is  made  at  each  end  to  take  a  2-inch  spreader.  A  loop  of  IJ-inch 
rope  is  attached  to  each  end,  around  the  sticks,  one  9  inches  long  and 
the  other  3  feet  long,  measured  from  the  middle  of  the  sticks  to  the 
middle  of  the  loop  when  stretched.  The  long  loop  has  a  heavy  iron 
ring,  3  inches  inside  diameter  fixed  at  its  middle  point.  Breast  and 
haunch  ropes  S  inch  diameter  are  sewed  across  the  canvas  3  inches 
from  the  sticks  and  on  the  outside  of  the  sling.  They  should  be  9 
feet  long  each  wav  from  the  center  of  the  sling.  The  sling  is  placed 
under  the  mule's  barrel,  the  end  of  the  long  loop  passed  through  the 
short  one  and  the  hook  of  the  hoisting  block  engaged  in  the  ring. 
The  small  ropes  are  passed  around  the  shoulders  and  haunches  and 
tied.  The  animal  should  be  lifted  from  his  feet  quickly  and  set  down 
gradually. 

The  flrtnv  stall  is  a  stoutly  framed  box  open  at  the  top  and  high 
enough  to  prevent  the  mule  Jumping  out.  The  inside  should  be 
smooth,  6  feet  6  inches  long  and  30  inches  wide.  The  ends  should 
be  hinged  at  the  bottom  to  open  outward,  with  heavy  latches  at 
top  arranged  to  be  operated  by  lines  from  1i  distance.  The  floor 
should  have  several  cleats  running  from  rtde  to  side.  At  each  oor- 
ner  a  i-inch  rod  should  run  from  bottom  to  top,  terminating  in  a 
heavy  eye  or  ring.  To  the  rings  slings  should  be  fastened  converg- 
ing to  the  center  where  they  are  Joined  together  to  take  the  hook 
of  the  fall.  The  slings  should  be  kept  apart  by  spreaders  htgh 
enough  to  clear  the  mule's  head  to  prevent  a  cross  strain  on  the 
sides.  Guys  should  be  provided  to  control  the  stall  In  raising  apd 
lowering  to  prevent  its  striking  the  edges  of  hatches.  '• 

For  a  short  voyage  and  work  immediately  on  landing,  animals  may 
be  shipped  with  shoes  on.  In  this  case  shoes  should  be  recently  set. 
For  long  voragefl,  shoes  should  be  removed.  '^ 

Animals  should  not  be  Shipped  in  high  condition.  If  not  worked  up 
to  the  time  of  embarking,  give  exercise  and  reduce  feed. 

23.  Accountability  for  public  animals. — A  file  of  descriptive 
lists  of  public  animals  will  be  kept  with  the  records  of  every  officer 
responsible  for  such  animals.  It  will  contain  a  description  of  every 
animal  received  and  transferred,  showing  the  kind»  name,  age,  s^e, 
color,  marks,  brands,  or  other  peculiarities  of  each ;  how  and  when 
acquired,,  azid,.  If  disposed  .o£»  in  what  manner;  the  xuune  a1  Jiis 
rider  and  driver,  and  the  use  to  which  applied. 

A  complete  descriptive  list  of  each  animal  will  be  made  at  the  time 
of  purchase  and  will  accompany  him  wherever  he  may  be  transferred. 

When  public  animals  are  issued  or  transferred,  the  person  in  charge 
will  be  provided  with  full  and  accurate  descriptive  lists,  which  he 
will  deliver  to  the  receiving  officer. 

Public  animals  shall,  on  the  day  received  be  branded  with  the 
letters  "US"  on  the  left  fore  shoulder,  the  letters  to  be  2  inches  in 
height. 

Public  animals  will  be  assigned  to  their  riders  or  drivers,  who 
will  not  exchange  or  surrender  them  to  the  use  of  any  other  person 
without  the  permission  of  the  company  commander,  quartermaster,  or 
other  officer  responsible. 

24.  Bngrlneer  combat  trains — Composition  and  distribu- 
tion.— Bach  engineer  regimental  headquarters  has  two  tool  wagons, 
each  drawn  by  four  mules ;  one  is  a  tool  wagon  of  the  escort-wagon 
type,  carrying  map-reproduction  equipment  and  supplies.  The  other 
regimental-headquarters  wagon  is  a  spring  tool  wagon  of  a  special 
design  similar  to  the  ambulance.  It  is  provided  with  lockers,  drawers, 
and  compartments,  in  which  are  carried  the  drafting,  photographic, 
reconnaissance,  surveying,  and  miscellaneous  equipment  and  supplies. 

Each  battalion  headquarters  of  an  engineer  regiment  has  one  tr 
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wagon  of  the  escort-wagon  type,  carrying  blacksmith  and  plonee: 
equipment  and  supplies,  with  sufficient  space  remaining  for  the  head 
quarters  baggage. 

Each  engineer  mounted  battalion  has  two  tool  wagons,  each  dravr 
by  four  mules :  one  is  a  tool  wagon  of  the  escort-wagon  type,  carrrin. 
blackHmith  and  pioneer  equipment  and  supplies.  The  other  is  a  spVin. 
tool  wagon,  same  as  provided  for  regimental  headquarters,  and  carrr 
ing  drafting,  photographic,  reconnaissance,  surveying,  and  miscelU 
n(H)us  equipment  ana  supplies.  These  equipments  and  supplies  are  tb- 
same  as  in  regimental  spring  tool  wagon,  except  that  the  survevics 
outfit  of  the  mounted  battalion  is  about  one-half  that  of  the  engliiecT 
regiment. 

For  the  tool  wagon  of  the  escort-wagon  type  provided  for  regi 
mental  and  battalion  headquarters  a  special  body,  longer  than  that  d 
the  standard  escort  wagon  and  provided  with  special  compartments. 
1h  under  consideration,  this  body  to  be  placed  on  the  standard  escort- 
wagon  running  gear,  modified  only  by  provision  of  a  longer  reach. 

Hach  engineer  company,  regimental,  has  two  tool  wagons,  and  a  com- 

Eany  of  mounted  engineers  has  one  tool  wagon.  Each  wa^on  is  drawr 
y  four  mules  and  has  the  running  gear  of  the  standard  escort  wagon, 
except  that  the  reach  is  1  foot  longer  than  in  the  standard  escort 
wagon.  All  company  tool  wagons  are  identical  having  a  special  bodv 
containing  drawers,  racks,  and  compartments.    The  loads  of  all  com- 

fmny  tool  wagons  of  both  regimental  and  mounted  companies  are  als^* 
ilentical,  except  that  the  photographic  outfit  of  an  engineer  company, 
roginiental,  is  not,  like  the  other  equipment  and  supplies,  divided 
equally  between  tne  two  wagons,  but  is  all  carried  on  one  of  th« 
wtgons.  Both  wagons  have  space  for  the  photographic  outfit :  it  may 
be  carried  on  either  wagon,  but  will  normally  be  carried  on  the  odd- 
numbered  wagon. 

In  addition  to  their  tool  wagons,  engineer  companies,  regimental, 
each  have  a  pack  train  consisting  of  eight  mules  (five  mules  for 
engineer  special  pack  tool  boxes  Nos.  1-A.  1-B,  2-A.  2-B,  3— A,  3-6. 
4 -A,  4  It,  0-.\,  and  5-B,  and  three  mules  for  ordinary  transport 
parks),  nnd  companies  of  Dounted  engineers  each  have  a  pack  train 
coDsiatlng  of  12  mules  (10  mules  for  two  sets  of  engineer  special 
pack  tooF  boxes  Nos.  1-A,  1-B,  2-A,  2-B,  3-A,  3-B,  4-A,  4-B,  5-A, 
and  6-B.  and  2  mules  for  ordinary  transport  packs). 

t2n.  Source  of  supply  of  timaaportation. — All  engineer  com- 
bat transportation  is  furnished  by  the  Engineer  Department  except 
the  following,  which  are  furnished  by  the  Quartermaster  Corps :  Draft 
moles  and  ha  mens,  pack  mules  and  ordlnarv  transport  aparejos,  and 
ordinary  transport  equipment  pertaining  to  the  aparejos. 

20.  MarklBflT  of  tool  waaroas. — ^AlT  engineer  combat  wagons  are 
marked  with  the  designation  of  the  division,  regiment  (or,  in  the  case 
ot  mounted  englnet^t*"  t\\%  battalion),  the  arm  of  the  service,  the 
designation  and  p  .d  number  of  the  wagon,  and  the  company  or 
battalion  or  roffluantal  headquarters  to  which  it  pertains,  in  accord- 
ailce  with  the  ays  ten\  prescribed  for  other  branches  of  the  service  and 
as  shown  in  flKures  27,  28,  and  29.  All  combat  wagons  of  each  engi- 
neer regiment  or,  of  each  battalion,  are  numbered  serially,  starting 
with  the  regimetital  or  battalion  headquarters  and  taking  up  the  com- 
panies in  succession,  beginning  with  Company  A. 

'27.  Tool  wavoaii-- Kinds  mm4k  loads. — ^The  following  are  the  prin- 
cipal elements  of  tJ\e  wagon  loads  of  the  engineer  combat  train.  For 
full  detailed  liata  the  Engineer  Unit  £kiuipment  Manual  should  be 
--"nsulted. 


AJinXAJ.  ISAHSPOBIAIIOH.  Ul 

(a)  LOADTNOS  OF  HEADQUAHTERS  TOOL  WAGONS,  E8C0BT- 
■WAOON  T5TE, 


'   Btocksnittli ^ 

Anvil,  B.  8.,  100  pfianda,  witb  B.  B.  apnm, 

Imi,  eguntenlnk,  flatte',  3  Indies;  fuUen, 


Brace,  ratchet,  and  aet  of  U  drlllg  (ra 
Bi'^f')  A.  ^  H  t)/  Uiii^-xeconds,  -f,  t 
aliteenlhs. 

Files,  sssoitcd.S  to  MInotHB 

Foi^,  portalile,  with  rake  and  sbOTel.. 

Hannner,  sled)n,  10  pounds 

Huidles,  assarted 

Oilor.Jplnt. 

Pipe  cotter.  No.  1  (size,  i  to  2  Inches). . 

Rule,l.loattDldi£g.. 

~-  at,  Influ 


W 


iSudlng  slioelQE  knlvw,  t 


knives,  DiDP^  pinchers,  rasp,  and  toOEB... 
Stocks,  dies  and  taps.  No.  3,  sets  (size,  t  lolj 
Inches  b;  eighths) 


Visas,  B.B.,<Miuih Jaws. 

'Wrench,  monke;. 

dumlth  mppllM,  seta,  onulBttog  of-~ 

Borax,  B  pounds;  ooal,  blsokimitb's,  4  bash- 
els;  nails,  boraeshoe,  aSjMxmds;  nats,  as- 
SOTted,  wnainds  (Kite,  f,  j, ),  and  1  inch); 
oil  maclmis,  1  quart;  stevl,  soft,  bars,  IM 
feet(sliai,iby  linohaud  2  faiches;  |bv  1] 
Inch  and  3  Inches;  1  by  2  Inch;:;  and  t,  f , 
" eel,  tool,  B  toet  (aito,  j- 


and  1  Inch  round);  ai 


Cnna,  galvBniicdlnHi,3|^l(«u 

Chests,  linoographle  (sets  013}  lor  prini.o  21  by 
3D  incboa,  with   eollable  boitW,    bniils, 


Framea,  blue  prist,  M  byBOincbea,  withliiy 

(21by39inchM)Bndttntubea(ai 

Instnim«ntB,dt3w1n[!,Ilthogniphio,  seLs,  with 


Lanterns,  DleU 

Screv  drlvera  (3-lnch  blade).. . 
B*346°-    - 


.SS. 


EITQIITEER   FIELD    KAITTTAL 

OF   HEADQUARTERS  TOOL  WAGONS.   ESCOR" 

WAGON  TYPE— Conlianed. 


wlllialildd,com{riete... 


Hhiviw,  nil,  (tbiElo  bii 

ivntH,  tHicriiiiu,  will] 

TnwKh,  buth 

'Wimrli.miinki'r,  IJ-lnch 

ZInniirrnplilouiiintsiippllea,  lats,  lordeauia 
Eliut  |iliili»:  NItrlo  vld,  fi  pnimds;  Bash,  1 
RUin;  piimlm.  t  pouads:  couatic  soda,  I 
pDlinilii.  For  ptiolofRvphlo  transCei 
ilniwn  print  paper,  SO-Inch,  10  jmdi 
Elininin.  3  pminda;  pbaapharlo,  3  poundE. 
KMl  laiinitt,  1  pnuQd:  olDunnn,  3  pounds^ 
■mmniiUim  blphronuM,  l  pauodi  absarbcnt 
mtua,  a  iKHindt.  For  dlnet  transfeiproo- 
fw:  Autuk-raphlo  papsr,  17  by  M  Inches,  2 

iHinrra,  F»r«tchlni  tud  rvtouchhig  plait: 
(linHiilo,  pbraphoTKi,  tasiila  bcMs;  alum, 
powilFrM.  1  pounds;  aspholtuni,  1  iwinii' 
■■THidiir  oil.  1  ouDoe;  dHts  oil, )  pint; 


■Ir^railn  powder,  S  poimdsj  tallow,  i 
ouncM:  turp«n[lM,  a  (nUlana.  For  printlnf 
Mid  dr<rini(:  Hook  pspu,  18  b^  M  mches,  s 


«»twoth|  wl 

a  duun:  varnljh,  1 
■lov«  wkks.    Blue 


Q  gallons;  thumb  taoks 


PlolMwautht:  Screw  laokB. 

Ann;  wagOD  parts,  eitrm<IUTnUMd  by  the  Eaft- 
iieec  DspartmcDt); 

BlockSpbrakB.,. 

Balls,a9sOTl*d,i 
—   IbjUli 
a,  it-  • 


[by  lltoo 

y  SliiolM 


■ni«,'a^U'R'ii.*nndi  I,: 

Ivr'-' ■  -V  lJlm■ln■^ 


ansk.l««(oI»«b). 


uental 
besd- 
qUBiters. 


Rattalloi 

head- 
quarters, I 


AHIKAL   TSANSf OBTATIOK.  4SS 

Cdy  LOADINGS  OP  HEADQOAHTERS  TOOL  WAGONS,  ESCOBT- 
WAOON  TYPE— Continued. 


EnglnsBT  regiment. 

Uounlsd 
quarters. 

Regl- 
mentat 

qmatera. 

BattalioD 

-had- 
quarters. 

Currycomb,  horse  bnish,  whip,  ftnd  bucket, 

1 

3 

1 

! 

1 

(6)  LOADINOS  OF  HEADQOABTERS  TOOL  WAQONS— SPRINO. 


Dtafttng  aquipment: 


raiag  equlpmeiit:    Office  *M 


Ufa;  protractor.ft-lnch.G.  8.,litcaHi  scale, 
ISJnch,  <audD«r;  Bcale,  UJiich,  aidillaeti 
-'-'  -nlqlSde-'-  "^— >•■  -^ - 


iFUng  suppllaa: 

drawinii.  fjltlta,  bisok  '(2),  bluo  (11,  bruvi! 
(1),  cannlDe  (1);  Ink,  India,  1  ilitk;  WT"!. 
blotling,  at  bj  9i tnchea.  1  doien:  < ro«,^-..,t)- 
Cion  s£iDch,  5  yards;  (bawin^,  .%~i[»'Ji.  » 
jarOB;  wrapping,  40 by  4Sfni!hes,  stiMls.  2 
doien;  pBns,orow-qaill,dowin,  wuh  holilsr 
(1),  mapnlDi;,  doran.  wUh  bolder  (!)-.  po:!- 
cUs,  drawing,  H,  3H,  and  5H  { 1  down  »ai  hj; 
peDdl-polHiingpad  (I),  scratch  (3);  iluimb 
bick;,  i  doien;    uacliig  cloth,  Su-incli,  U 


4B4  ENQINEEK    FIELB    lUHUAL. 

(6)    LOADINGS    OP    BBADQTTA.RTBR8    TOOL   WAOOSS— SPBrNC- 


Aod  tbo  fallowliie  mkcellaneoua  aapplla: 

Pins,  ainea 

Ti—    '■■  .   . 

Mls(s<laiii-'iiisBquiin"-Jii: 

Manuals,  Enpnwr  Field _ 

Padlocks,  bresj 

PhoMgntpblo  equipmsnt:  Csinsn,  3A  Onfln, 

wIlhWdlnK  tripod  (Crown  No.!) 

And  Ihe  lollowing  uooassories;  Agate  Mnys  (41: 
b»lh  ttnrda  H);  canvas  buokfts  (!):  ehamols 
■kin;  dupUcatliiglanlu,  sat;  Elm  tank;  grad- 
mta  SKilince;  photographer's  nmniial;  p^ln^ 
injf  Mints,  6  by  7  inchas  (2):  rubber  blaakels 
tlT:  nihjr  tamp:  sheori,  Wni*;  spotting  brush; 

•1  WnK reds {i);  Iheimonielei. sat.. 

I%nlairaTihlc  BuppUes: 

UAVdlopcT,  M.  Q.  and  Pfto,  tanl,  boxes  or 

nIrnii.'.'iA] '&«i[paaure 

RV|io  url'l.  J-poumlbojei... 
tm,  duviilopiag.  3Aslu.  — giOH.. 

iWhI  Uw  InllDHlnii:  Atw«(hent  cottan;  alcohat, 
J]|"'l'l~f'.  1  pl"t:  clieeswialh.  while,  3  ^uds; 
flu  •ilninw,  aA  rise  (2):  fonnallne,  1  pound, 
uommUm,  b  tubca;  opaitue.  1  tubv:  ptiola 
mim  ttiK  photo  iiol»book3  (2):  potaaaium 
'"ulntiltt,  l«liliilil,6tubD9;  pusli^n$<2<l>;  iviae, 

1%  '  *^'  *''^  '*  ™^^  ''^P  '*' **'  -  ■ 

iik«^Wc    OUtat,   eadi   caitalning: 

lidtvi  wwll  pocket;  rewanmilor  pjo- 

■>  iitnv««lteionwt«r;skelchin°boiiii 

n^f  Ziuv.*!  Kiid  folding  inpod;  tiiDiag  pail 

..!  i-.,ri.iiwiiiipnioni— 


Bnglnnr  nglment. 


h^-      , 


ANIHAL  TKANSPOBTATION. 
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(6)    LOADINGS    OF    HEADQUARTERS    TOOL    WAGONS— SPRING— 

Contjnufid. 


BeoomuSnanoe  supplies— CotDttnued. 

Pencils,  drawing,  H  (42),  blue  (1.4),  red  (14), 
green  (14) 

Protectors,  pendl-point 

Tape,  adheave,  roUs 

SurveThig  equipment: 

Boardis.  stadia 

Field  glasses,  with  case... 

Levels,  engineer's,  and  tripods 

Plane  tables,  comnlete,  and  tripods 

BepaJr  kit  for  steel  tapes 

Bods,  level,  Philadelphia 

Slide  rule,  i64nrh,  with  case 

Stadia  computer 

Tapes,  steel,  lOO-foot 

Transits  and  tripods 

Surve^g  supplies: 

Boolcs,  level 

Books,  transit 

Cloth,  signal,  red  and  white,  yards  (of  each).. 

Paper,  luane  table,  sheets,  aozenS 

Spring  tool-wagon  parts,  extra  (furnished  by  the 
^Sn^neer  Department): 

Bolts,  one  eadi  except  where  shown— i-incb 
carnace,  U,  li,  2},  2}  inch;  -^inch  caniage, 
1^  inch  (2),  2t  inch;  <^inch  carriage,  2,  % 


Engineer  regiment. 


Regi- 
mental 

head- 
quarters. 


indi  tlre^  If,  2|  inch;  |-inc&  tire,  4^,  5},  6 
inch. set.. 

Brake  block 

LtakkSyOpen 

Nuts,  axle  (1  each  R.  H.  and  L.  H.) 


Rivets,  iron,  \  by  U  inches. 

Rivets  iron,  ^bv  2^  inches j. 

Screws,  wood,  nathead.  No.  12, 1}  inch 

Screws,  rivet  head,  No.  9,  Uinch 

Singletree 

Tongue 

Spring  tool-wagon  accessories  (furnished  by  the 
Quartermaster  Corps): 

Bucket,  G.  I. ,  currycomb  ihorse  brush,monkey 
wrench,  and  whip  (of  each).'. 

Grease,  axle,  pounds 

Halter,  with  strap .  and  nose  bags 

Harness  parts,  extra  (furnished  by  the  Quarter- 
master T)ofps): 

Buckles,!,  i,l,  and  1^  inch 


Hame  straps. 


84 

14 

6 

6 
1 
2 
1 
1 
4 
1 
3 
2 
2 

4 

6 

30 

2 


Battalion 

head- 
quarters. 


1 
1 
3 
2 
2 
3 
2 
3 
1 
1 


4 
2 
3 


Mounted 
engi- 
neers, 
battalion 

head- 
quarters. 


84 

14 

6 

2 
1 
1 


1 
2 


1 
1 
1 

2 

2 

15 


1 
1 
3 
2 
2 
3 
2 
3 
1 
1 


1 
1 

4 
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(5)   LOADINGS    OF    HEADQUARTERS    TOOL    WAGONS— SPRING— 

Contlimed. 


Harness  parts,  extra  (furnished  by  the  Quarter- 
master Corps) — Continued. 

Rings,  f ,  1, 1},  and  2  inch 

Snaps,  1 ,  li ,  and  U  inch 

Harness  accessories  (furnished  by  the  Quarter- 
master Corps): 

OU,  neat's-ioot,  gallons 

Soap,  harness,  pounds 

Sponge 

Wire,  stove,  spool 

Additional  supplies  (furnished  by  the  Quarter- 
master Corps):  Shoes,  mule,  fitted,  with  8  nails 
each 


Engineer  raiment. 


Regi. 
mental 
head- 
quarters. 


Battalion 

head- 
quarters 


4 
3 

\ 

1 
1 

16 

" 

'* 

Mounted 

engi- 

neeis, 

battalion 

head- 
quarters. 


4 
3 


\ 

1 
1 


16 


(c)  LOADINGS  OP  COMPANY  TOOL  WAGONS. 


Cbrpenter  equipment:  Chest,  carpenter's,  containing  augers, 
ship,  hanolea  (3);  scratch  awl;  ax,  handled,  32-inch  (witii 
extra  handle) ;  ratchet  brace,  and  bits  ( 2  auger,  1  expansion, 
2  screw-driver);  chisels,  framing,  handlecf  (3),  (one  extra 
handle):  cold  chisel;  wing  dividers;  draw  knife;  files,  saw, 
taper  (3);  hammer,  claw,  (with  extra  handle); ratchets  (S); 
24-inoh  carpenter's  level;  mallet;  oiler,  i-pint;  oilstone;  Jack- 
plane;  pliers;  j)lumb  bob;  rules,  2-foot  (4);  saws,  hand  [rip 

'  set ;  screw  driver;  squares, 
,  metallic,  50-foot;  T  oevel, 

sets 
Oarpenter's  supplies: 

Chalk,  carpenter's,  pound. 

Chalk  lines,  40-foot 

Pencils,  carpenter's,  dozen 


Engineer 

com* 

pany, 

wgl- 

mental 

(one-half 

ofquoo* 

tilies 

given 

below 

carried 

on  each 

wagon). 


Com- 
pany of 
mounted 
engineers 
(one 
wagon 
amy). 


\ 


\ 


JLVnCAX  TSAJTOPOBTATIOSr. 


<€)  LOADINGS  OF  COMPANY  TOOL  WAOONB-^Ccmtlmied. 


Eogineer 
com- 
pany, 

reg** 
mental 
(one-half 
of  quan- 
tities 
given 
below 
carried 
on  each 
wagon). 


Com- 
pany of 
mounted 
engineers 
(one 
wagon 
only). 


Demolition  equipment: 

Augers,  earth,  handled,  and  ship,  handled,  If-kids;  hars. 

Smch,  large,  and  wood,  tamping;  cold  chisel;  single  bli 
riUs,  long  and  short;  miner's  spoon,  long  (one  of 
each) set., 

Box,  cap • , 

Box,  match 

Circuit  detectors 

Crimpers 

Hammers,  sledge,  8-pound 

Magneto  exploders , 

Pick  mattocks,  E.  D.  pattern,  "intrenching,"  handled... 

Shovels,  E.  D.  pattern,  "intrenohing''. 

Spoons,  miner's,  long 

Wire,  firing,  double-fead  No.  14,  on  reel,  ieet 

Demolition  supplies: 

Caps,  detonating „ 

Explosives,  poirnds 

Fuse,  Blckford,  feet , 

Fuse,  Instantaneous,  feet 

Fuses,  electric 

Matches,  safety,  boxes,  dozen 

Tape,  insulating,  rolls 

Twine,  hemp,  3-ounce  balls. 

Drafting  equipment: 

Boards,  drawing.  23  by  31  inches  (with  trestles) 

And  the  following  equipment:  Field  drawing  instru* 
ments(set);  steel  eraser;  erasing  shield;  map  measure; 
protractors.  Q.  S.,  semicircular.  6-inch;  scales.  12-inch: 
architect's  (1)  and  engineer's  (1);  triangles,  ao*-60°  and 
45%  and  T  squares,  24-inch aet. 

Lamp,  acetylene 

Tubes,  tin 

Dnftinff  supplies: 

Books,  note 

Carbide,  in  lO-poond  cans,  pounds 

Cloth,  tracing,  30-indh,  roll,  yards. 

Erasers, rubber,  peodl  (2),uik(l)... 

Ink,  drawing,  black  (2),  blue  (1),  carmine  (1),  bottles. . . 

Ink,  India,  stick 


1)... 
Drawing  paper,  22  by  30  inches,  sheets. 

lis,  H  and  3H  (of  each) 

Pens,  crow-quill  and  mapping,  with  holder  (of  each). 


2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

4 

2 

2 

2 

4 

4 

8 

\ 

2 

0 

2,(X)0 

1,000 

100 

50 

200 

100 

20O 

100 

200 

100 

200 

100 

1 
2 

i 

2 

1 

Thumbtacks. 


2 

1 

2 

1 

6 

3 

6 

3 

40 

20 

48 

24 

6 

3 

8 

4 

2 

1 

2 

1 

288 

144 

12 

0 

2* 

Ml     14  -i 


ir*  lj03J>IS%iS  OF  O^lIFJkXT  Ty>OL  VAQO] 


^0uii9a» -^ 

7*iq«r  Mwit.  U  i«t  ^.  JiuAik.  .pumb 

JBfitniltsiiMiis  «tuit7miflxin: 


«•    »'  S 


^^^ic-himndinx  viuwi^  ^_       

1X]||.IU(R&   I  .  _. . _. ,.. 

!LjaiugR3&  ^rs.  .1..  THn::  t;.-_  .  .  .,_  .. „ 

^fiiiD&s»  T^n^Uuor  T'ukU.  I2,  7»anim   \..  ...  .  _. 

^irrliusiiiftKN  ^ --,-.,. ^^ .,  ._ 

?^ikduicl&  m«&  .  .  ^  .  .. ,., . 

i$iaim«K^iM%t  jKSw^ 

JtemsU^  jtt\::^ 

fli.  iOTna.  -suluuki  

(iL  SQPKStuxn   nnp^. 

zMNsau  CMdia^ 

sift*  a   T>    6   S»«liiK 


2  , 

■»-■ 


X 


» 


2 


2i 


f 


1 
I 
1 

4 

3 

3 
1 

I 


) 

E 
1 
< 
I 


• 

» 


» 
1 

V 

i 

s 


Uw 


AKIKAL   TRAHSPORTATIOlir. 


480 


(c)  LOADINGS  OF  COMPANY  TOOL  WAaONS-<k>]itiimed. 


Photographic  sapplies— Continued.  * 

HyiK)  acid,  in  f-pound  boxes,  boxes 

Paper,  3 A  developing,  size  3^  by  5^  inches  (1  gross), 
printing  oat  (1  gross),  gross 

And  the  following  articles:  Potassinni  bicarbonate,  1 
poimd;  twine  ball  (2  ounces);  cheesecloth,  white,  3 
yards;  photo  clips  (12};  fonnalin,  1  pound;  intensi- 
ner.  tube  (1):  pushpins  (12);  potassium  bromide 
tabloid  tube  (1);  reduoertube  (I);  and  wicks,  ruby 

lamp  (6) set.. 

Pioneer  equipment: 

Adzes,  handled,  32-inch 

Axes,  handled,  36-mch 

Bars,  pinch,  large 

BlocKS.  &inch,  double;  8-inch,  single;  8-inch,  snatch; 
and  d-inch,  triple 

Bolts,  cUppers 

Climbers,  lineman's,  set 

ComealoDgs 

FQes,  crosscut  saw 

Hammers,  sledge,  handled,  8-pound ^ 

Handles,  extra,  adz,  32-inch;  ax,  36-inch;  pick,  rail- 
road, 36-inch;  saw,  crosscut,  1-man;  and  saw,  cross- 
cut, 2-man 

Hatchets 

Knives,  Gabion i 

Machetes,  with  sheaths : 

Mauls,  wood 

Peevies,  handled 

Picks,  railroad,  handled 

Pick  mattocks: 

E.  D.  pattern,  "intrenching,"  handled 

Large ,  handled 

Pliers,  side-cutting. . . , 

Points,  pike  and  hook 

Pesthole  diegers 

Rope,  manila,  1-inch  diameter,  feet 

Saw,  crosscut,  1-man 

Saw,  crosscut.  2-man 

Saw,  hack  (with  6  blades) 

Saw  tools 

Shovels,  E.  D.  pattern,  "intrenching" 

Shovels,  lon^-handled 

Tapes,  metallic,  50-foot 

Wedges,  steel,  5-pound. , 

Wrencdies,  monkey,  18-inch 

Wrenches,  StlUsoa,  18-inch 


Engineer 
com- 
pany, 
regi-^ 
mental 
(one-half 
of  quaa- 
tities 
given 
below 
carried 
on  each 
wagon). 


2i 
2 


Com- 
pany of 
mounted 
engineers 
(one 
w9gon 
only). 


: 


24 


4 

2 

26 

13 

2 

1 

8 

4 

6 

3 

2 

1 

4 

2 

6 

3 

4 

2 

14 

7 

6 

3 

18 

9 

36 

18 

4 

2 

4 

2 

6 

3 

30 

15 

6 

3 

18 

9 

4 

2 

2 

1 

500 

250 

2 

1 

4 

2 

2 

1 

2 

1 

60 

30 

12 

6 

4 

2 

4 

2 

2 

1 

2 
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ttands  on  the  near  side  of  the  animal,  facing  toward  the  rear ;  the 
)ther,  termed  the  *'  off "  packer,  stands  on  the  oflf  side  of  the  animal, 
'acing  toward  the  front.  The  side  packs,  being  slung  on  the  animal, 
:he  **  near  "  packer  throws  the  end  of  the  lash  rope  over  in  rear  of  the 
inimal  and  the  clncha  portion  under  the  animal's  belly  convenient  to 
the  **  off  "  packer,  who  picks  up  the  end  of  the  lash  rope  and  the 
clncha  portion  with  the  left  hand  and  stands  erect. 

The  "  near  "  packer  takes  hold  of  the  lash  rope  with  the  right  hand 
about  5  or  6  feet  from  the  cincha  and  another  hold  with  the  left  hand, 
holding  about  2  feet  between  the  hands ;  he  stands  close  to  the  anl- 
mars  neck  with  both  hands  extended  downward ;  he  draws  the  right 
hand  backward  and,  with  one  motion,  swings  the  rope  so  when  It  falls 
It  will  lie  fore  and  aft  between  the  side  packs,  clearing  the  animal's 
haunch,  and  the  packer  dropping  the  rope  held  by  the  left  hand,  as 
shown  In  figure  35. 

With  the  right  hand  still  holding  the  rope»  he  draws  a  portion  be- 
tween the  packs  by  lowering  the  right  hand  by  his  side,  arm's  length ; 
then,  reaching  up,  he  grips  the  rope  with  the  left  hand ;  keeping  the 
thumb  under  the  rope,  he  draws  another  portion  between  the  packs  by 
lowering  the  left  band  by  his  side,  arm's  length. 

The  packer  then  swings  the  hanging  portion  outward  to  the  right, 
bringing  the  left  hand,  still  holding  the  rope,  to  the  elbow  of  the  right 
arm ;  then  raises  both  hands,  leaving  the  loop  on  the  outside  of  the 
right  arm,  as  shown  In  figure  36. 

Now,  bring  the  right  hand,  holding  the  rope,  to  the  center  of  the 

Sack  and,  with  both  nands,  throw  the  standing  rope  held  in  the  right 
and  over  the  center  of  the  load  to  the  "  oflf  packer,  and  the  run- 
ning rope  between  the  packs  held  in  the  left  hand  over  the  animal's 
neck,  allowing  the  back  of  the  left  hand  to  rest  on  the  animal's  neck. 
With  the  right  hand  draw  6  feet  or  more  of  the  running  portion 
between  the  packs  to  form  the  rear  half  of  the  diamond  and  throw 
this  rope  to  the  rear  of  the  **  near  "  pack,  freeing  both  hands  of  the 
rope. 

The  "  near  '*  packer  takes  hold  of  the  running  rope  on  the  mule's 
neck  with  the  left  hand  forward  of  the  right  and,  with  the  assistance 
of  the  "  oflf "  packer  brings  the  running  rope  to  the  center  of  the  load 
on  the  side  of  the  standing  rope,  at  the  same  time  slipping  the  right 
hand  down  the  rope  to  a  point  about  midway  between  the  pack  and 
the  "  boot " ;  reaches  for  this  rope  by  passing  the  left  hand  between 
the  standing  rope  and  the  aparejo  and  grips  the  rope  above  the  right 
hand ;  slips  both  hands  down  the  rope,  at  the  same  time  parting  them 
from  each  other  for  a  space  of  about  10  inches ;  then,  holding  the  rope 
in  a  horizontal  position,  jams  this  portion  down  between  the  two 
cinchas  under  the  aparejo,  and  the  hitch  is  formed  on  the  "  near " 
side  ready  to  tighten.     (See  fig.  87.) 

To  make  the  hitch  on  the  "off**  aide,  the  "oflf"  packer,  having 
picked  up  the  end  of  the  rope  and  clncha,  holds  them  in  the  left  hand 
with  mouth  of  cincha  hook  to  the  front.  He  looks  for  the  standing 
rope  to  be  thrown  over  the  center  of  the  load  by  the  "  near  "  packer. 
As  the  rope  comes  over,  he  grips  it  as  high  as  his  arm  can  conveniently 
reach  and  immediately  places  the  cincha  hook  about  6  or  8  inches 
under  the  aparejo  and  draws  down  the  slack  on  the  standing  rope  by 
one  or  two  quick  pulls ;  then,  lowering  the  cincha  hook  for  conven- 
ience, he  engages  the  standing  rope  on  the  cincha  hook  from  Inside, 
drawing  the  rope  outward,  or  from  above,  drawing  downward.  This 
will  leave  the  standing  rope  next  to  the  aparejo  and  the  running  rope 
on  the  outside  of  the  hooK. 

The  left  hand,  holding  the  end  of  the  rope,  is  now  placed  on  top  of 
the  running  rope  between  the  right  hand  and  the  cincha  hook ;  both 
ropes  are  gripped  with  the  thumb  under  the  running  rope ;  the  right 
hand  is  allowed  to  slip  upward  on  the  running  rope,  and,  with  the 
assistance  of  the  "  near  "  packer,  this  rope  is  brought  to  the  center  of 
the  load:  the  left  hand  will  Immediately  follow  the  right  hand  to  the 
center  of  the  load,  which  brings  both  bands  together. 
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l^lth  the  right  hand  draw  the  end  of  the  rope  forward  which  is 
eld  by  the  )ei;t  hand  so  that  ahout  12  Inches  will  fall  on  the  **  near  " 
ide  of  the  animars  neck,  and  the  hitch  is  formed,  ready  to  tighten,  as 
bown  in  figure  38. 

(&)  The  double  hitch.  The  double  hitch  is  made  as  described  for 
lae  single  diamond  hitch,  with  the  two  following  exceptions : 

The  *•  near "  packer,  before  passing  the  running  rope  to  rear  of 
>ack,  brings  the  running  rope  up,  from  the  animal's  neck,  and'  lays  it 
>ii  the  center  of.  the  load,  in  front  of  the  =  standing  rope.  He  then 
: Slices  suflScient  slack  on  tfa«  running  rope  between  the  packs  and  lays 
>i:  throws  it  to  rear  of  load,  thus  causing  it  -to  ride  orer  both  the  run- 
ning and  the  standing  ropes;  he  then  takes  the  rope  in  front  of  the 
standing  rope  and  brings  it  down  from  right  to  left  between  the 
standing  rope  and  pack  and  under  the  boot  of  the  aparejo  in  the  cus- 
tomary manner. 

The  '*  off "  packer,  instead  of  placing  the  end  of  rope  between  the 
standing  and  running  ropes,  places  it  under  both,  then  raises  to  center 
of  load,  and  drops  about  12  inches  of  end  on  **  rear'*  side  of  animal's 
Deck,  and  hitch  ib  formed  ready  to  tighten. 

The  hitch  is  tightened  in  the  usual  manner,  as  in  the  operation  of 
tlie  *•  diamond." 

30.  Pack  ontllta. 


PACK  NO.  1,  EQITIPMEKT. 

Carpenters,  farriers,  and  saddlers:    . 

Bag,  nail,  10-pound 

Bag,  for  small  articles ; : 

Bar,  pinch,  small , 

Box,  pack  No.  1 

Brace  and  bits  (7  auger  and  1  screw  driver),  hand  saws, 

C.C.  (2) set.. 

Carpenter's  bag;  framing  chisels  (3);  claw  hammers  (2); 

hatchets  (4);  50-foot  metallic  tape;  monkey  wrench; 

ship  augers,  iV-inch,  handled  (2);  side-cutting  pliers 

(2);  ana  steel  square i ;set. . 

Hammer,  sledge,  8-pound 

Farrier's  hammer  J  shoe  knife  (in  case),  nippers,  pincers, 

shoeing  rasp,  16-moh,  and  flat  bastard  file,  124nch.  .set . . 

Revolving  punch,  rivet  set,  and  stit<dmig  awl set. . 

Rolls,  canvas,  for  tools 


PACK  NO.  1,  SUPPUES. 

Carpenter: 

Bolts,  drift,  )-inch 

Carpenter  pencils  (6),  chalk,  i  pound,  chalk  lines  (2)..set. . 

Nails,  60-penny  (10  pounds),  16-penny  (10  pounds), 

pounds 

Farrier: 

Beeswax  (2  ounces),  harness  needles  (2  papers),  harness 
rivets,  assorted  (1  pound),  harness  thread  (2-ounoe 
ball) set.. 

Nails,  horseshoe,  pounds 

Shoes,  mule,  flttea 


Contents  of  boxes. 
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I— TABLES    OP    WEIGHTS,    MEAS- 
S,  AND  SPECIFIC  GRAVITIES. 


WEIGHTS  ANQ  MEASURES. 

Tablb  I. 
LINEAR  EQUIVALENTS* 


Kilom. 

In. 

Ft. 

Yd. 

Rod. 

Chain. 

Furlong. 

MUe. 

•1 

10 » 

.3037 

.0328 

.01094 

.002 

.000497 

.0000497 

.0000062 

1 

.001 

39.37 

3.2B1 

1.0036 

.20 

.04971 

.00497 

.000621 

JO 

1 

39370 

3281 

1093.6 

200 

».71 

4.97 

.6214 

-54 

.0000254 

1 

.00063 

.0278 

.005 

.0000126 

.00000126 

.000015$ 

AS 

.0003048 

12 

1 

.333 

.061 

.01516 

.001515 

.0001654 

l44 

.0000144 

36 

3 

1 

.182 

.04545 

.004545 

.000568 

OS 

.005 

198 

16.5 

5.5 

1 

.25 

.025 

.003125 

■12 

.0!»12 

792 

66 

22 

4 

1 

.10 

.0125 

)1.2 

.2012 

7920 

660 

220 

40 

10 

1 

.125 

1609 

1.600 

63360 

5280 

1760 

320 

80 

8 

1 

Table  II. 

CONVENIENT  TABLE  OF  LENGTHS. 

t  (1910)»  20.5  inches. 

t  in  scabbard,  21.5  inches. 
ry  ax  handle,  36  inches. 

ry  liatchet  handle,  18  Inches. 

Hhovel  (engineer  Issue),  3  teet. 

shovel,  long  handle,  5  feet. 

48  inches. 

en   (1910),  7  inches. 

1  can  (1910),  7  Inches. 

Table  III. 

MARINER'S  MEASURE. 

etaol  fathom, 
fathoms  =  1  cable  length. 
(!able  lengths  =  1  mile, 
so  feet  =  1  statute  mile. 
85  feet  =  1  nautical  mile. 

Table  IV. 

SURVEYORS*   MEASURE. 

92  inches  =  1  link. 

5  links  =  1  rod. 

rods  =  1  chain. 
lO  square  chains  ««» 1  acre  a*i  100  square  rods. 
640  acres  =  1  square  mile  or  section^ 
36  square  miles  »•  1  township. 
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enghteeb  held  manital. 


Tablb  V. 


CIBCtJLAB  MBA8UBB. 


60  secondi  *«  1  mtnote. 
60  minutes  =>  1  degree. 
80  degrees  =>  1  sign. 
90  degree8=l  quadrant. 
4  quadrants  —  12  signs  * 


800  degrees  <«»  1  ^ohrete. 

TABbB   VI. 


APPROXIMATE  MBTBIC  BQUIVALENTS. 

decimeter  =>  4  inches. 

meter  »  1.1  yards. 

kilometer  =»  i  mile. 

taectare»=2i  acres. 

stere  »•»  1  cubic  meter  ■-•  }  cord. 

liter  a-  1.06  quarts  liquid  ^  0.9  quart  dry. 

bectoliterr=2i  bushels. 

kilogram  »« #2}  pounds. 

m«tric  ton «»  2,200  pounds. 

Tablb  VII. 
VOLUME  AND   CAPACITY   EQUIVALENTS. 


•    - 

Cubic 

Cubic 

U.S. 

a- 
poth- 

U.  S.  quarts. 

U.  8.  gallons. 

Bushels 

Cubic 

Utecs 

inches. 

feet. 

yards. 

ecary 

Liq- 
uid. 

Liq- 
uid. 

. 

U.S. 

(I). 

Uquid 

OES. 

Dry. 

Dry. 

1 

.0005787 

.00002143 

.5541 

.01732 

.01488 

.004329 

.008720 

.0004650 

.01639 

1728 

1 

.03704 

957.6 

29.92 

25.71 

7.481 

6.429 

.9036 

28.32 

46656 

27 

1 

25853 

807.9 

604.3 

202.0 

173.6 

21.70 

764.6 

1.805 

.001044 

.00003868 

1 

.03125 

.02686 

.007813 

.006714 

.0008392 

.02957 

67. 75 

.03342 

.001238 

32 

1 

.8504 

.25 

.:H48 

.02686 

.»I64 

67.20 

.03889 

.001440 

37.24 

1.164 

1 

.2909 

.25 

.03125 

1.101 

231 

.1337 

.004951 
.005761 

128 

4 

3.437 

1 

.8594 

.1074 

3.785 

26.S.8 

.1556 

148.9 

4.655 

4 

1.164 

1 

.125 

4.406 

2150 

1.244 

.04609 

1192 

37.24 

32 

9.309 

8 

1 

35.24 

61.02 

.03531 

.001308 

38.81 

1.057 

.9081 

.2642 

.2270 

.02838 

1 

Table  VIII. 

WOOD   MEASURE. 

108  cubic  feet=l  stack  of  wood. 

128  cubic  feet— 1  cord  of  wood=»4X4x8  feet. 

Table  IX. 

SHIPPING  MEASURE. 

IVelfflit  a  T'e«««l  -vfIII  carrir*»iength  of  keel  X  breadth  at  main 
beam X depth  of  hold  in  feet -^ 95  (the  cubic  feet  allowed  for  a  ton). 
The  result  will  be  tonnage.  For  a  double-decker  instead  of  the  depth 
'^f  the  hold  take  half  the  breadth  of  the  beam. 


TABLES  OT  WEIOSTS,  XEABtTKES,  ETC.  MS 

Rearlster  tont  For  register  tonnage  or  for  measurement  of  the 
entire   internal  capacity  of  a  vessel :  100  cubic  feet^-l  register  ton. 
rhis  number  is  arbitrarily  assumed  to  facilitate  computation. 
Slilpplnff  ton,  for  measurement  of  cargo : 
fl  U.  S.  shipping  ton. 
10  cubic  feet— <!  32.143  U.  S.  bushels. 

bushels. 


fl  U.  S.  shipi 
{32.143  U.  S. 
131.16  imp.  b 

(1  I 

t— {32.1 

133.'; 


British  shipping  ton. 
42  cubic  feet— {32.719  imp.  bushels. 

.75  U.  8.  bushels. 


Tablb  X. 
MEASURE  OF  BRICKWORK. 

Brickwork  is  measured  by  the  thousand,  and  for  various  thicknesses 
of  wall  runs  as  follows : 

8 1 -inch  wail»  or  1  brick  in  thickness,  14  bricks  per  superficial  foot. 
12i-inch  wall,  or  li  bricks  in  thickness,  21  bricks  per  superficial  foot. 
17-inch  wall,  or  2  bricks  in  thickness,  28  bricks  per  superficial  foot. 
21i-inch  wall,  or  2i  bricks  in  thickness,  35  bricks  per  superficial  foot. 

An  ordinary  brick  measures  about  8|  X  4  X  2  Inches,  which  is  equal 
to  66  cubic  inches,  or  26.2  bricks  per  cubic  foot.  The  average  weight 
Is  4^  pounds. 
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Si)eciflc  gravities  and  weights  of  certain  substances. 


Resin 

Rock,  general,  2.2-2.8 

Salt,  coarse 

Sand,  dry 

Sand,  wet 

Snow,  fresh  fallen 

Snow,  moistened  and  compacted . 

Stone,  general,  2.2-2.8 

Steel,  cast 

Steel,  wrought 

Sugar 

Tar 


Tin,  rolled 

Tin,  cast 

Turf. 

Vinegar 

Water,  pure,  at  60*  F.,  bar.  30". 
Water,  sea 


Average 

specific 

gravity 

water— 1. 


1.09 
2.5 


2.5 
7.9 
7.85 
1.60 
1.00 
7.40 
•7.30 


1.08 
1.00 
1.028 


Average 

weight  1 

cubic  foot. 


Pounds. 
.    68.0 
156.25 
45-  70 
90-106 
118-129 
5-  12 
15-  50 
156.25 
492.6 
489.6 
100.0 
62.5 
461.5 
455.0 
20-30 
67.5 
62.355 
64.1 


Note.— The  word  "dry"  in  connection  with  wood  indicates  the  presence  of  not 
more  than  15  per  cent  moisture.  Green  timbers  will  weigh  from  one-fifth  to  one- 
half  more  than  dry— ordinary  building  timbers,  tolerably  seasoned,  one-sixth  more. 

Authorities  for  the  above:  Trautwine,  Kidder,  and  Tables  of  Organization, 
United  States  Army. 
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Abatis ...* 1 348,434 

Absorption  of  water 268 

%.batinent  sections ^ 213 

sill I89,190,2a2,2» 

A^butments 222,236,245,255 

maximum  pressure  on 236 

Accessories  of  trenches  and  trench  warfare 381 

cover : 349 

Acoountabilitv  for  public  animals 477 

Accuracy  of  direction 393 

Acetic  acid 65 

Adaptatioii  to  the  ground 322 

Afternoon  stables 472 

Age  of  muletS 455,463 

Alidade 48,114 

Altitude 22 

Ammonium  nitrates » 410 

Ammunition 351 

Anchor  khot 174,176 

Anchorage  of  cantilevers. 236, 239 

floating  bridges 220,221,222,223 

Anchoragesfor  suspension  bridges 257,261 

Anchors,  improvised r 220 

Aneroid  barometer.   See  Barometer,  aneroid. 

Angle-bar  irons 168, 173 

plates.... 168,173 

Ai^es,  dimensions  and  widths  of 164 

vertical 107 

Animal  power 464 

Annealed  wire 167 

Antiseptic  dressings 45ft 

Aparejos 470,491 

Approaches ,      379 

Approached  trenches 310,313,356,360,390,391 

Arwies,  brick 276,277 

concrete 276, 277 

segmental 277, 278 

stability  of. 276 

thickness  of ^ 275 

Area  to  be  reoonnoitered 62 

Areas 150 

Artillery  positions 64 

Asphyxiating  gases 388 

Assembly j)omts 364 

Atchison  Hill 71,72 

Atmosphere,  pressure  of i 22 

Attack......:. 374 

on  entanglements 380 

Augers,  earth 406, 407 

Autocopyist,  blac£ <J6 

511 
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AzimiiTh.  i.s'^ronomiml - 

>iir^ 1^2.^1. 

ri'**'errriinn.* 

'.  =i  reckonerl  f  r  -km  "  he  sotith  in  astroEfcamirai  work  and  tables. . 

p.otrlnif  ff'-m  i  given  point _ 

•rjjL^fer  ',f 

tnip 

Azimnth«5 11.  12. 13. 14. 25. 27. 31. 34. 42.43. 4§.  52. 35, SB.  7T]. - 

ir^*  rpcrfoned  from  ^he  mariner's  compaas in  lumgstlaB 

of  Polan.^.  'able  showtn? .7 

B. 

Babbitt  metal 167  :  - 

Back  ^i?ht 

Backstay-^ 256,  257  . 

Balancp'oeam 1115. 

Balancing  'f,p  o-i- 

Balks 197. 205. 213. 214. 223.22^.  2SP.  JL  • 

Ballast 2or:aa*.— 

Ballast  .n^  +  r- >*!os 

Balls  cont'^ining  dry  morlicines 

Bamboo  '•r^!?'^^ 198,  l>- 

Bargps 220. 225. 231. 232.233.234. 235.237. i- 

Birornci'rr,  mfroid 

.'nfronrlal 

rf-H/liri'-c.s 

Baromo+ri'"  [c ■<■'.'. r.^j: _ 

f  Jarrel  p\'  r  213.  Jl  • 

B  ifrrl- J' 

^lJp{>or^rl'4  pO'.v-cr  of '. > 

Barrir"i/]rs ;i49.  .': 

n  I  (\  i-rior  .  '.n  k-Tij^h  of 

of  a  po'  ;*;on  .skotfih 

F?ask^*  :: 

f'.n'  r.s,  ^•Fiov'fr ..'. 

f'M'  isT :" 

fj;V  ;l".f)(I(I  i  I]  1 1  mi  D:  I*  ion .'».: 

Ba/  A'lo'Io.,- •'! 

fJnss 213,218, 222.223,225.236. 2:  > 

B«"'m',  I  I'l'lcr  1S7.  >^ 

I>)ii»;  ■'  -r  p'ru',  K  iff  ](,'u^^  for ".  « 

-■if«'....         ...-...-.-_., l- 

.--'•'■1  I,  [»ro;>fr!if'  W)f 

'ni    c'i     187, 188, 2*0,241. 242, 243.  Ji-i 

^'.''l<l(l<  'I,  sfr'Miirf  Ii  of 158. 159,  >1 

fj<  <riru^  f»'' '/"r 'if  j>il'  ; i*.'? 

Hf  iMf.j:- 12.13.^ 

M'li    iii^«; 174.  iT-i 

B' ||  hor.,f  . .  . .  ir-i 

HMi''hrii.fV Ill' 

B«"K 196,197,200,201,2Ol,a>> 

B(     t'fiirr  vl<  <•!  wiro  1H9 

Bi'vol 394.396 

iHtjli^..    .     .  174,176.257 

*■■   ''"f^ 331 

Iro':!!*'     .  227,229 

vnllhltch      .  178,151 

!t|3ft(I<llfV.  470 

•^  393 

f"»  •■       ."..!..[.'!!.'."."I'292,293 
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Blind  for  nrales. 470 

B  Icx^houses 339 

Blocks  and  tackles : : . : 185, 186 

B  locks,  metal , 185, 186 

overbaaling 185 

rounding  in : 185 

rmming 185,186 

selMubricating 185 

snatch 185,186 

standing 185,186 

Blueprints 64 

Board,  sketching : 46, 48, 50 

Boat  bridges... 218,230 

si>ikes^  dimensions  of. 173 

Boats : 62 

supporting  power  of : 213 

Bolted  jcrfnts-. : 173 

Bolts 173,175 

screw 171 

track : 

Bombproof  cover 301 

Bombprools.; : 316,317,318,319 

Bombs 384 

screen :...,.....     384 

Border :: ., MX) 

Borrow  pits 271 

Bowline ....-...:.. 177,181 

onabig^t 171,181 

running 177,181 

Box  compass.    See  Compass  box. 

Boxes,  for  revetments 8|27 

Braces , :.  190,W,201,248 

Bracing : 193,195,198,199 

Brackets,  in  cantilevers : 236,239 

Branches,  in  military  mining 393 

Break  m  telegraph  line : 425 

Breaking  load  on  wire  rope 165 

Brick  rubble  for  wing  walls 276 

Bridge  design,  general  notes  on 185-207 

equipage,  organized 211 

over  Portuges  River,  Porto  Rico : 197,201 

Bridges 51,62 

bamboo : : 193 

barge 231,232 

boat :... 218,230 

completion  of : 244, 248 

crib 211 

destroying , 437 

double-lock 187,188,189,190 

floating,  anchorages  of. 220,221,222,223 

construction  of 222,223,224,225,226,229 

draw  spans  in 226,227 

examples  of  calculation.  ^ 227 

precaution  in  passing 230 

protection  of. 230 

flying 281,232 

for  general  road  traffic 157 

Jaoanese  field * 258 

military.  Improvised  short-span 187, 188 

pile 197,201 

portable 187,188,193 
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l'unii\a 52 

i  '4Mh  fur  I ti V tt(  iHi^Ilt 327 

<iafill)uvit|  l»ii»tyii«,. *. 187 

(1.tMliltivi'.iu. .  : 187,236,239 

(li4UVUa,  U»  IU\U(|H0IIU... 327 

r.»|iail|  395,396 

i'.»|il(.»|..  320,321 

('.ijiuhlnit*   341 

('.tjib,  liluni Ilia  i«M«l  i«lt»i'l iJo 413 

OuJ,  Ulu»lo\uiJ  ttlook 473 

imilhtU  V  aUH'k 473 

|uUmHt  tiliioK  1 , ,  1 : 473 

tUrd.  uiotuum^HM, ,, ,«  , 12,13 

471 

'\W\\ ,  NWM^hlMul.t 155 

179,181 

lUa, ,,....,  330 
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Cases : ,....  395,396 

Cassiopeia's  chur 26, 27 

Cat's-paw 178,181 

Cavalry,  obstacle  against 340 

Caving 393,395 

Center  cuts 289 

heights,  percentages  added  to 290 

stakes , 285 

transom 189,191 

Centers,  construction  of. 276 

foundations  of 278 

laying  out , 278 

principal  parts  of 278 

ribs  of 278 

rigidity  of. 276 

sheathing  of. , 278 

Centrifugal  force 161 

Chains 168,109 

iron,  size,  etc . ,  of 169 

tape 32 

Chamber,  mine 393,418 

Change  in  erade  of  roadway 211 

of  direction  in  galleries  lined  with  cases 294,401 

load : 211 

water  level 211 

Channels,  discharging  capacity  of 273 

steel,  properties  of, 163 

Characteristics  of  logarithms 115, 129 

Charcoal  roads. * 282 

Charginc 418,427 

Charts  showing  quantity  of  explosive 430,431,432,433,436 

Chattanooga,  barge  or  flying  bridge  at - 231,232 

Checks  in  pile  docks. , 211,212 

Cheeks,  of  notches  and  loopholes 203, 204, 213, 223 

Chess  wagons 213 

Cheveaux  de  frise ; 343, 349 

Chlorate  explosives 410 

Chords 251,252 

Cincha : 470 

Circles 150 

properties  of. 146 

Circuit  closer , 422 

Circular  functions 140,149 

common  logarithms  of 120-128 

Cleaning  harness , ,k.,i 467 

Clear  headroom 187 

Clearing,  cost  of. 295 

line  through  woods 294 

Cleavage,  plane  of ; 294 

Clinometer 17,18,42,54 

Clips  for  fastening  wire  rope 167, 168 

Clockwise  scale 34 

Closed  works 320 

Clove  hitch » 174,176,183 

CoeflScient  of  strength  in  column 162 

Coefflcients  for  temperature  correction 24 

Cohesive  compacted  earth,  supporting  power  of. 267 

Colic,  flatulent 459 

spasmodic 459 

Command ,...  302,303 

posts 356,392 

Communicating  trenches 310, 313, 360, 390, 391 
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jntours.    See  Contaoxing.  Page. 

stdjaoant 67 

concave  parts  of. 55 

convex  points  of 55 

curvature  of . . - 55 

curved 67 

ground. ^ 66 

elevation  of. 65 

map 58 

maximum  ridge 67 

TninimiiTu  valley .' * 67 

reentrant  parts  of 57 

salient  parts  of . . . .  < 67 

straight ; 67 

typical 67 

wavy - .- : 67 

:k)nvenienoes  in  camping 63 

>>ping  of  wing  walls 276 

:k)rdditter 414,415 

Corduroying  of  roads 282 

3orona 470 

Counter  braces 248,251 

clockwise  graduation. 34 

scale * .  -  -       34 

position 64 

Countermining 388 

Counterscarp 309, 341 

Counterweight 12 

Cover 301,322 

accidental 349 

all  in  embankment 308,309 

excavation 308,309 

bombproof .* 301 

cargo 471 

overhead 301,31«,317 

trenches 310 

Cradle  fascine 330 

Crater  volume 421 

Craters 420 

Crest,  mterior 319 

topographic .• ^ 319 

typical  profile  of 59 

Cribbrufges - 211 

constanotlcm 208, 209, 2 JO 

of  logs  or  timbers 371 

Cribs,  dry 207,208 

Crown,  distribution  of -^ 268 

fixed 288 

form  for 270 

of  road 268 

on  wall 179,181 

variable 268 

Crowning,  of  revetments 327,331 

Crupper .' 470 

Crushed  stone 283 

Crushing  strength  of  wooden  beams 158, 150, 161 

Crutches  in  mining 402,408 

Cubeofanumber 129,140 

root  of  a  dedraal  fraction  or  mixed  number 140 

number  greater  than  1 ,000 140 

to  find 129,140 

roots,  table  of,  from  1  to  1,000 130-139 

Cubes 150 

table  of,  from  1  to  1,000 130-139 

volumes  of 
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Cultural  signs.    See  Signs,  cultural.  Page. 

Culverts , 273 

arch 275 

barrel , 275 

box 274,275 

cost  of 

pipe , 275,279,281 

rectangular 274 

stone 274 

wooden 274, 275 

Curvature 285 

compensation  for 17 

radius  of. , 286,293 

Curve  of  main  cables 2SB 

Cuts 2n,285 

Cuttings.- 270,271,349 

in  earth,  cost  of 296 

in  rock,  cost  of. , 295 

Cycle  ofoperations  in  map  reproduction 65 

D. 

Data  for  calculating  main  cables  for  suspension  bridges 299 

Datum 19 

level , 69 

plane S7 

Dead  space , 320,321 

Deadman 184,185 

Declination,  magnetic , , 14 

of  the  compass 25 

needle 15 

sun. 25 

Defenses,  flanking 341 

Defenslbility 53 

Defensiveline 356,374 

preparation 322,351,356 

Deflections  ofthe  needle,  abnormal 15 

DemoUtions 393,421 

Depot  of  materials 356,390 

Derrickframe 202,204 

Destruction  of  explosives , * 412 

Detonation 413,414 

Diamond  hitch : , 471 

diagram  showing 496 

Diarrhoea 459 

Dimensions  and  approximate  weights  of  screw  bolts 171 

weights  of  driftbolts 170 

weights  of  wrought-iron  washers , 171 

widths  of  angles 164 

for  each  of  two  Howe  trusses  of  a  single-track  railroad  bridge.  247, 253 

of  railroad  spikes 173 

square  bolt  spikes. 173 

steel-wire  nails 172 

wei^t,  and  strength  of  hoisting  rope 166 

manila  rope 165 

transmission  or  standing  rope 166 

on  the  groimd , 34 

map 34 

Dip I : 14 

of  the  cables » 261 

Direction,  accuracy  of 1 » 393 

Dispersal ". 312 

Distance  between  traverses 335 

pieces , 189 

to  take  off , 36 
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Distances , 28-32 

Distance  contour 65 

estimation  of 31 

Distortion 41 

Ditchesylong 289 

roughly  paved 271 

side 268,269,270 

as  subdrains 269 

form  of 269 

importanceof , ,,* 289 

slope  of 289 

Ditching  the  picket  line 472 

Docks,  pile 211,212 

Dolphius 211,212 

Double  bowstring  truss 254, 265 

lock  bridges 187,189 

sheet  bend 174,178 

track  bridges 244,263 

Drain,  tile 269 

Drainage 69,268,273,281,294,355,406 

Draw  spans  in  floating  bridges 222,226,227 

Drawing 4d>«6,71,76,100 

avoid  unnecessary  haste  in ^ 71 

board,  orien ted,  traversing  with. 48, 47 

Dressings,  antiseptic  or  sterilizing 459 

Driftbolts , 161,170,176 

dimensions  and  weights  of 170 


Drilling  for  blasting 292,293 

Driving  gallery  with  cases 402,403 

Dry  cribs 207,208 

Dumping  earth 292 

Dynamite 406,409 

E. 

Earth,  cohesive  oomx>acted 287 

dumping 292 

handling 290 

hauling 200 

loading 200 

loosening 200 

quality  of 280 

road,  crown  of 268 

spreading 290, 292 

wet,  suppcH'ting  power  of 267 

yardage  of , 291 

Earthwork,  cost  of 295 

estimates  for 286 

Elevation,  differences  of 20,21, 112 

estimated 285 

measured 285 

Elevations 20,59 

table  of - 23 

Embankments 271,276,285,290,295,303,349 

cost  of 295 

materials  for 271 

Emplacements  for  trench  weapons 390 

End  bracing  of  trestles 193 

Enfilade,  preventing 378 

Engineer,  employment  of 373 

park 374 

"Engineenng  News  formula'' pile  driving 207 
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Flanks 54,320,368 

F  lares 382 

Floating  bridges,  anchorage  of 220-223 

construoticMi  of 222-226, 229 

draw  spans  in 226, 227 

examples  of  oalcolations 227 

precaati<His  in  passing 230 

protection  of : 230 

Floating  piers 218, 219 

Floors  for  bridges 187,191,192,213,244,251,255 

Flying  bridge 231,232 

stall ; 477 

Foot,  pricking  the 467 

Footmgs 189,190,191 

Force  pump  in  pile  driving 204 

For^pround 356 

Fords ; 52 

Foresight 112 

Forest,  reconnaissance  of 53 

Fork,  transom 189, 191 

Form  and  strength  of  slings 257, 262 

Fort,  bastioned 320 

star •. 320 

Fortifications 66,69,301 

modem  developments 323 

training  in  field 355 

Fortress,  main  defenave  line 374 

investing  force 375 

redaction  of. 374 

Fougasse 422, 428 

Four-legged  trestles 194, 195 

Fourth  parallel 378 

root 140 

Fraction;  representative 34 

Fraise 348 

Frame  of  block 185,186 

Framed  trestles 195, 196, 198, 199 

Frames 188,189,190,191,202,396 

auxiliary 397 

false 398,400 

Framing 174,175 

Fripping  turns 181 ,  183 

Frenchman , 71,72 

French  wire  entanglements 345 

Frog,  puncture  of  the 462 

Fuel 53 

Functions,  curcuiar 140, 149 

natutal 140,141-146 

Fundamental  topographical  operation 12 

Fuses 413 

G. 

Gabion *...     328 

form 328 

revetment 328 

Gage  rods  in  mining 398 

Galleries 393 

ascending 399, 400 

common 393 

descending 399,403 

dimensions 397 

grand 393 


OaUeries.  half ^ 

mclined 399.  *« 

of  depftrture 401. 4^ 

parti y  lined :* 

Qarrisan  of  redoubts ll 

Oases,  asphyxiating ?- 

Gelatine 4» 

Qeometrical  constructions , US,  l- 

Glanders > 

Gorge 320.S: 

defense - j 

trench 330.  I 

Grade  of  roads i* 

roadway,  change  of 2il 

Grades,  intersections  of  rising 24 

long i' 

natural 357 

reducti(mof 2b7 

steep _ io 

Gradients 11, 15, 19, 20, 55,  SO,  70. 3« 

comparison  of  the  different  methods  of  expressing 16 

determination  of,  by  the  plumb  line 17. 1? 

Graduation 32 

Grannv .^ 174, 176 

Granulation 4-2 

Gravel  for  roads 2i 

Gravitation - 155 

values  of,  at  surface  of  earth lot' 

Gravity  clinometer .*. 17.  b 

Grenades 3.M 

GriUage a* 

Ground  ha v  ing  lateral  slope,  cuts  in « 2S4 

level 2fi 

siU 395,396 

sloping 2v 

water 36S 

water  level 369 

water,  lowering 271 

Ooard  fw  floating  bridges 230. 2S1 

rails 187.363 

Guides  for  working  parties 371 

GUDOOttOD •  411 

tackle 185,186 

Guns,  machine 3G4.389 

weights  of 155 

Gunwale  timbers 218,219 

Gusset  plates 168,173 

Guys 18B,190,m,aa2,204,220,a63 

H. 

Hachures. 60,61 

Hai^cfaeng  River  bridge 258 

Ualf-closed  works 330 

hitches 174,170 

Raiting  on  bridge  t  o  l^  a  voided 230 

Hammers  for  driving  piles 3(M. 307 

Handrails 257,363 

Handling  eanli 290 

rock • 292 
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Hamess 465 

Haste  in  plotting  and  drawing 71 

Haul  for  load 290,464 

mean 290 

Hauling  earth ." 291 

Hawser  bend 177,181 

Head  cover 314 

Head  walls,  pipe  culverts  protected  by 279,281 

Hectograph 65 

Height,  djfferenoe  of 19 

of  instrumen  t 112 

Heights,  side 285,298 

Hemp  rope,  strength  of 165 

Hexagon,  side  of 148 

Hexagonal  bar 292,298 

Hoistmc  rope,  dimensions,  weight,  and  strength  of 166 

Holdfasts 182,184 

Horizon  glass 113,114 

Horizontal  distance 28,31,33,41,66 

distances  for  gradients  of  0"  to  30° 83 

equivalents 30 

plane 11,12 

reduction  to  the 29,33 

scale 2 41, 55 

Hospital 351 

Houses 361 

Howe  trusses 246,251 

trusses,  dimensians  for,  of  a  single-track  railroad  bridge 247, 253 

Howitzers,  destruction  of 448 

Hurdle 331,334 

continuous 334, 335 

Hydrography ., 67 

Hygrometrlc  conditions 222, 223 

Bypothenuse 147,149 

I. 

I  beams,  steel,  properties  of. 162 

Ice,  as  a  bridge 231 

removing  by  blasting 448 

Igniting  means ^ 422 

lenitions,  simultaneous 416 

lilumination,  battle  field 382 

mining..  J 406 

Image,  limits  of 106 

Improvised  anchors 220 

short-span  military  bridges,  examples  of. 187, 188 

Inches  and  sixteenths  into  decimals  of  a  foot,  table  for  conversion  of 82 

Inch,  sixteenths  of,  into  decimals  of  an  inch 33 

Inclined  piles 211, 212 

Index  error , 113 

Index  glass 113,114 

India  ink 71 

Indications  of  age  of  mules ; 456 

disposition  of  mules 455 

endurance  of  mules 455 

strength  of  mules 456 

Inflection,  points  of 55 

Information,  lines  of 382 

Instantaneous  fuse 413 

Instruments,  wipe  off  before  using 71 
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Ijevel,  hand 19 

notes 112 

rod 109,112 

rods,  self-reading 109, 112 

target 109,112 

sights 69 

tube. 17,18 

use  of  the :.      112 

I.«veling,  barometric 22 

I^ight,  artificial ,  printing  by 65 

X<ine  <rf  investment 374 

jnf (Hrmatlon 382 

I-inen,  tracing 75 

Xiines,  picket 472 

ground 472 

high 4t2 

straight 107 

X/iniments 469 

Xiinings  of  galleries W5, 966 

Iwisteners 423 

I^oadtog 418 

earth ." 290 

Loads 480-492 

breaking,  on  wire  rope ■ 165 

center ft  3 

change  of 211 

concentrated 169, 213, 230, 236, 249 

dead 16^,167 

Uve 164;  J67 

moving 164, 169, 464 

safe 159,160,166,536 

stationary 1^4 

wheel W 

liOads,  working 161,465 

Local  trenches : 312, 360 

Locating  line  of  trench 319 

Location;  accuracy  of 31 

in  road  making M4 

point  by  intersection 31, 46, 47J552 

»  Lockjaw 461 

Locomotives,  destruction  of 4!& 

Logarithm  tables 116 

Logarithms 115 

of  circular  functions,  table  of 120-128 

explanation  of  table  of 116 

table  of,  1-999 118,119 

Long-leaf  pine  beams,  safe  loads  in  pounds  for 160 

Long  splice 180,181 

Longitudinal  bracing .> 195,  lfl9 

stress  on  beams :. 242 

Loopholes 314,315 

Hopper 315 

Japanese 314, 315 

Russian 314,315 

Loosening  earth 290 

with  a  plow 290 

Luff  tackle : 185,186 

Lunette 320,321 

M. 

Macadam  roads 283 

cost  of 295 

Machine  guns 364,389 
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aupatliloa  ol. 
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Obstacles 301,341,343,344,345,347,348,349,353,389 

Obstructions  to  communication , 301 

Octagon  in  a  square 148,149 

Odometer 18,30,31 

Odometers,  number  of  revolutions  per  mile  of. 31 

Ointments 459 

O  pen  works , 320 

Operating  field  driver 206,207 

Ordinates,  segmental  arches 279 

Oriented  drawing  board,  traversing  with 46,47,55 

map 46 

Orienting '. 46 

Oscillations 263 

Outfit  for  field  sketching 66 

Outfit  fcH*  traversing  with  compass  and  drawing  board 46 

note  book 43 

Outgauge 231 

Outward  thrust  of  ballast 209 

Overhand  knot 174, 176 

Overhauling  blocks 185 

Overhead  cover 301,316,317 

area  of 316,317 

thickness  of 316 

P. 

Pace  tally..! 28 

Paces  measured  on  the  slope 28 

horizontal 28 

Pacing  mounted 30,40 

on  foot 28,39 

Pack  saddles , 470 

transportation,  advantages  of 453 

Packs,  company 491,492 

figure  showing 494-497, 498 

lashed , 471 

outfits 499 

securing  ordinary  transport 492 

side : 471 

top 471 

Pairing 331 

Pall»aes,.., :....     348 

destroying 424 

Panc(Hip4 - 320,321 

Panels  of  trusses 251 ,  254, 255 

Paper  tracing 75, 100 

Papers 74 

Parados. 307, 335 

Parallax 105 

Peepslfht 27 

Pens,  circular 73 

right  line f 71,73 

ruJiBg 71,73 

writing 74 

Percentages  added  to  center  heights '. 290 

Picket  line  ditching 472 

lines • 472 

Picrates 408 

Piers,  barrel 218,219 

floating : 218,219 

landine 211 

of  flat-Dottoraed  boats 227 

raft 218,221 
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Pil#  bents. 197,200,201,202 

bridges 197,201,211 

docks 211,212 

drivers,  designs  for 203,204,205, 206,20: 

flridTT. 204, 205, 206, 2(r 

portable  hand 203,204 

drivinjg 2Q2,203,aM 

Piles,  bearing  power  ot ^, 

fender 211,212 

inclined 211,212 

spur - 211,212 

supporting  power  of 207 

Piling  for  railroad  work —     197,200 

Pillars  of  pine,  working  load  in  pounds  for 161 

Pins,  wooden 1© 

Pipe,  cast  iron 280 

concrete 280 

culverts 273,279,280,2^1 

earthenware 2^ 

vitrified...; 280 

Piston  valves 3« 

Plane  figures,  properties  of  some 147,149 

horisontal 11, 12, 14 

of  cleavage 294 

references ; 19,302 

table 47,114,115 

Flank  roads 281,2S3 

Plates,  anjgle 168,174 

fish 174,175 

gusset 168,173 

Plotting 34,43,46,55,59 

avoid  unnecessary  baste  in 71 

best  method  of 43 

scales 36,37-40,46,100 

Plow,  loosening  with 290 

Plugs,  in  drilling 293,2M 

Plumb  Une 15,18,19,27 

Pocket  of  cribs 209,211 

Point  of  view 66,68,69 

Paints,  assembly 364 

supporting 356,364 

strong 356,364 

visible 70,72 

Polaris 15,27 

azimuthsof 27,28 

Poll  evil 460 

Pontoon  sections 213 

wagons 213 

Pontoons 203,204,213,217,220,223 

Portable  bridges 187,188,193 

hand  pile  driva-s 208, 204 

trestles 193 

Position,  artillery 54 

defensive,  clearing  foreground 353 

depth  of  the 54 

elements 356 

general  oonsideratians 333 

length  of  the 53 

occupied  by  an  enemy 51 

argBnlsation 356 

preparation 351 

recooonaissanoe  of 53 

sketch ^ 
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Posts 197,199 

yertical 272,273 

Powder 411 

Powders 457 

Power,  animal 464 

Pratt  trusses 246,247 

Precautions  in  passing  floating  bridges 230 

Prescriptions,  veterinary 458 

Pressure  blower 406, 407 

Pressures,  distributing 268 

Pricking  the  foot 461 

Priest  cap 320,321 

Primers 416,417 

Priming 416,417,427 

Printing  by  artificial  light 65 

Prints,  blue 64 

bromide 65 

brown ^ 64 

Prism 12,13,25 

Profile,  angles  on 41 

of  ground 285 

Profiles 41,302,322,323 

special 308 

to  resist  field  guns 308 

rifle  fire 305 

Profiling 41,369 

Prolongation  of  bridge 190 

Properties  of  steel  channels 163 

I  beams 162 

Zbars 163 

Protection  of  floating  bridges 230 

Protractor 33,34,35,41,46 

improvised 34 

rectangular 35, 46 

semicircular ^i5^ 

Pump,  force,  in  pile  driving 204 

Puncture  o  f  the  frog 462 

Q. 
Queen-post  trusses 241,242,243,244,245,248 

R. 

Kack^k-rock 410 

Rack  collars 222,225 

Radial  lines : 19 

Radius  of  rupture 420 

Rafts 218,219,220,221,222,225 

Railroad  bridges 157,244,253 

spikes,  dimensions  of , 173 

Railroads,  crossed 51 

destroying 425,438 

Ramps 187,229 

Randing 331 

Ranges 54 

Ranging  device , 394,396 

Rate  of  working  in  mining ^ 404, 405 

Reconnaisanoe,  field _ 51 

for  acamp  or  winter  quarters 53 

ofaposition 63 

raib-oad * 51,52 

wood  or  forest 53 

94346*'— 17 33 
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muiUAt^,  329 

Nrd  329 

f  WufKif  itr  |m»Im     328 


M' 
IK 


Ml* 


|H  Hf  »'»»Ml«f«                       278 

t*M  lhM"<                                     59 

iii«H  iM  xHiiN               268 

n,  »HMi|»«Mi                     303 

tii'iifhuliiili                         303 


M\ii  470 


il  IIhh|»'M 71,73 

tlM\  Hh'»»Mlt«i«i,  li»M»i*HHlly  «f -      276 

1  it  IM  tl<l•ltnttui•4^«UUHt 51 

\\\i\y\  ItiMviPi'i  236,239 

»M>Hh.  i'h»\M»ot  268 

ta\<v,\i\  \\\  \\\\  \>\\\\\\\\  \\\\\%  \\\  wmt  lii^r » 2S0 

\\\  \y\\yw\  \^^\\\\\\ tmi  ittuUM'  \ mtUo  ill  \i^i  wuUu^r,  miUntaining v 268 

AAsM  ^*'5i^ 

mtt(H(*«S\tmU\iU)^^^^t        268 

\K\'iHM  _5| 

>^\«\\\^N|ii • 

VUU  

^^\>><^»^N\N  

^>HM    >M  ,.»v.v.»v»».... >.. 

*1"^\^^^  VV         ,^,V,V^^ ... 

WV"^,U^  .  ,.         .SX VVVVKV. 

Yyl^,'»^>^  .vs^     »v  —  ,vvv»v.... .-- 

^^»pV  

\V.*.»v  .  ...  -       . 


Page. 

Kock,  estimating. 292 

hftTi<11iTig 292 

Rod,  flexible 109,112 

gage 70 

graduated. 108 

level 109,110,112 

readings 112 

stadia. 108,119 

Boiler,  use  of. , 284 

RoUtog  hitch. 179,181 

stock 62 

Roots,  higher. 140 

Rope 164-168 

bums 461 

lemp,  strength  of. 165 

loisting,  dimensions,  etc.,  of 166 

ute,  strength  oL 165 

air 470 

lash 470 

manila,  dimensions,  etc.,  of. 165 

required  for  sx)ar  bridges 192 

sling .• 470 

standing,  dimensions,  etc.,  of 166 

transmission,  dimensions,  etc.,  of 166 

wire 165,169,260,261 

Roughness  of  civil  roads •• 267 

Round  timber  required  for  spar  bridges 191 

turn 174,176 

Roundingln  blocks 185 

Rule,  slide 73, 129 

Rules 32,73 

Rulingpen.. 71,73 

Runners,  on  pile  drivers 206, 207 

Running  blodk 185,186 

bowline 177,181 

Rupture,  radius 420 

surface 420 

S. 

Saddles 261 

figures  showing  special  and  pack,  complete 403,494 

pack 470 

Safek)ads 159,160,165 

uniform  load  in  pounds 163 

Salient  angle 58,69,66 

Salients 320,321 

Salt 456 

Sandbag  revetments ' 329 

Sandbaa 329 

Saphead. 377 

Sappers 377 

Sapping 377,384 

Saps 377 

double 377,378 

left-handed 377 

right-handed 377 

single 377 

traversed 378 

Saw  frames ,..,, 204 

Sawhorae  trestle 195,196 
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Sl6ge  artillery 375 

batteries,  sit  es  for ^ 374 

troops 375 

works 301,375 

Sieges ...- ,.     373 

Si^t,back 112 

fore : 112 

leaf 14 

peep w 27 

SighUube 1 1 17,18 

Sighting  edge. ,^..  17,18 

SightsTTevel 59 

Signs,  conventional 75-07 

cultural 83,84,85,86 

miUtarv 93,94 

tiatural,  to  a  radius 141, 146 

topographioal 81, 82 

Sills 174,175,195,196,199,202,204,213,222 

Single-lock  bridges. 187,188,192 

sheet  bend,  weaver's  knot , , 174, 1 76 

track  bridges '  263 

Sitefor  bridge 157 

Siting  of  trenches Li     357 

Sixthroot 140 

Sizes,  and  working  strengths  of  iron  rods :  "  242 

Skeleton  of  mule i.  463,454 

Sketch,  road..... 41,51,62 

Sketching 66 

board ..1  46,48,60 

traversing  with 46 

landscape 66,68,69 

outfltfor  field 66 

road ,....-.;       46 

Skiffs,  construction  of 234,235,237 

Skirmisher's  trench. , 305,306 

Skyline 69,66 

Slashings,  in  fortification 348 

Slewing 331 

Slide  rule. 73,129 

Slmg 477 

ropes 470 

Slinging  a  barrel 178,181 

Slings,  form  and -strength  of ?57,262 

lengthsof 257,261,262 

Slit  trenches » 360 

Slope 15,16,29,41,55,59 

board 18,19,34,41^65,59 

change  of ^ 401 

concave ,.       55 

equivalents 59, 61 

exterior , ,     302 

interior. 302 

lateral „ 268,289 

longitudinal 268 

of  inclined  gallery 394,396 

side  ditches 269 

sldehiU , 270 

stepping  of 270,271 

superior 302 

transverse .-.^...     286 

Snatch  block 185,186 

Socket  fastenings v 167 

Socket ,.167,168 
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Pape. 

Sod  reTetment 329 

Bounding  lead 67 

line G7 

pole 67 

Soundings 67 

accurate,  required 1^ 

location  of 70 

Spandrel  filling 276 

walls 276 

Spar  bridges 187,188,189,191 

roculway  of 189, 192 

rope  re(|uired  for 192 

round  tunber  required  for 191 

Spars  and  lashings  for  trestles 195 

length  of ."..  189,190 

Spasmodic  colic 459 

8i)eed  of  R  horse  over  road  grades 30 

Spheres 150 

Spikes,  boat,  dimensions  of 173 

railroad,  dimensions  of 173 

Spirit  level 15 

8plioe,eye 180,181 

long 180,181 

short 180,181 

Splinter  proof. 301,319 

SpHtcaps 174,175 

Spreading  earth —  292 

^xrengle  explosives 410 

Spring  tonic 462 

Spar 

piles 211,212 

Square  of  a  number,  to  find  the 129,140 

of  reef  knot 174,176 

root  of  a  decimal  fraction  or  mixed  number,  to  find  the 140 

number  greater  than  1,000,  to  find  the 140 

root  of  a  number ,  to  fi  nd  t  he 129, 1 40 

roots,  table  of,  from  1-1000 180-139 

side  of  a 148 

Sqaares 150 

table  of,  from  1-1000 130-139 

Stabloduties 472 

Stadia  graduation 108 

surveying 107 

"wires 108 

work 107 

Stakes,  center 285 

side 285,293 

Stalls,  flying 477 

Stanchions — 395 

Standards 190,191,202,204 

Standing  block 185,186 

rope,  dimensions ,  e  tc. ,  o  f 166 

trench 305,806,309 

SCaplesforandKH-ages 261 

Stations 53,392 

Steei  channels,  properties  of 163 

X  beams,  properties  of 163 

wire  nails,  dimensions  of 172 

JS^  bars,  properties  of. 163 

BtepplBg  of  Slopes 230,271 

Steruisiiig  dressings 4S0 

""    ■    ■ 336 

destroying 424 
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8tone,  brolreii ; , 283 

crushed 283 

Stores 351 

Straight  line,    see  Line,  straight. 

Strains,  lateral 211 

on  bridges 230 

transverse 242 

Strangles 460 

Stratmed  rocks  for  arches 275 

Strengtii  and  weight  of  wood,  constants  of 158 

of  hemp  and  jute  rope •  165 

wooden  beams 158, 161 

tensile,  of  various  metals 164 

Stresses  in  chord  of  a  Howe  truss 251,252 

counter  braces 252 

king  and  queen  post  trusses 242, 251 

verticals 251 

on  towers 260 

Stringers 189,190,191,194,195,204,213,223,251,262,263 

Strong  points  in  front  of  the  line 64, 356, 364 

Struts 187,189,190,236,241,242,251 

Subdrainage 260 

Subdrains 269 

Subgrade 283 

Sun,  declination  of 26 

Superior  slope 302 

Supplies,  veterinary 458 

standard  reconnaissance 48, 49 

Support  trenches 312,356,360 

Supporting  points 356,364 

power  of  barrels 218 

boats 213 

cohesive  compacted  earth 267 

piles 267 

Die  bridge. 213,267 

wet  earth 267 

Surface  of  road,  raising 271 

rupture 420 

water 268 

Surfacing 28o 

Surra. 460 

Surveying,  stadia : 103 

Suspension  bridges 256-261 

Sway  braces 195,199;207 

T. 

Table, plane 47,114  115 

Tables: 

Angles  of  equal  legs,  properties 164 

Arches ,  ordinates  for  segmental 1 279 

Arches,  percentages  to  be  added  to  center  heights 290 

Area  equivalents 506 

Azimuths  of  PoUuris 27 

Balks,  round  and  rectangukur,  sizes  and  safe  spans 250 

Barometer  reading  in  inches  for  feet  above  sea  level 23 

Beams,  long-leaf  lune,  safe  loads 160 

Bolts,  drift,  properties  of. 170 

Bolts,  screw,  properties  of 171 

Brickwork  measure :..^ 505 
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Tables— Contlimed.  Fit^ 

Brld«,  heavy  equipage,  capacity r.t 

light  equipage,  capacity - 2j 

Spar,  rope  required 12 

Spar,  round  timber  required li 

Suspension ,  composition  of  main  cables. ^: 

Data  for  main  cables Z^ 

Length  of  slings *- 

Bullet  penetration,  rlgle ?» 

•  Cables,  main,  for  suspension  bridges,  composition ': 

Data 2i 

Capacity  equivalents ?• 

Carriages,  military,  weights  of 155-1' 

Chains,  iron,  properties is 

Channels,  properties 1*3 

Charges,  constants  for  mine 41 

For  demolition  of  railroad  culverts. 4? 

Circular  measure... h*- 

Coefftcients  for  temperate  correction 2< 

Constants  lor  mine  charges il: 

Conversion  table .  inches  and  decimals  of  a  foot :>: 

Sixteenths  of  an  inch  and  decimals  of  an  Inch. : 

Cubes  and  cube  roots 130-1. 

Culverts,  charges  for  demolition  of  railroad i.» 

Demolition  equipment  of  Engineer  troops 420,C 

Distances,  paced,  redaction  to  horizontal i 

Karthhauuled  per  line,  yards i. 

Elevation,  diiTerences  of 20-- 

Equipment  for  demolition  by  Engineer  troops 425,ir 

For  wagons. 4« 

Squivalents  of  metric  system. i« 

£xpkx$ives.  streuKth  of €, 

Flooring,  safe  thickness  for  varying  distances  between  balks 2r. 

^g**  valvesin  ditfereut  latitudes , -   1\ 

Oallerles.rateof  worlunsinmlne a 

Gradieuts.ditlerent  metnods  ofe^^pressing 

lloruontal  distances  foe - 

Cuns.  weights  of. l55-iv 

Howe  trusses,  dim<^nsinns  for  single-track  raUroad  bridge 2'. 

I-beauis,  properties \., 

King  post  trusses,  stresses  on  members 2;: 

Leugtns  of  various  military  articles 3     >) 

Liuear  equivalents ...     ij 

Loads  of  i.>aeks, *2     4SJ 

WiigoQs 4Sl-t92 

Logarithms,  circular  fmictiuus iao-i5 

Common 118-lU 

Mariner's  measure id 

Mass  equivalents ji* 

Metric  equivalents 5(4 

Mine  chaxxes,  cwastants  fc>r O 

Cialieries,  rate  of  working +■? 

Kails,  miscellaueous  steel  wire,  properties iT 

Steel,  wire,  properties. iTi 

Odometer  table .,       a 

Ordinat  es  for  segmen  t  al  arches. I'     r9 

*"      **  «(;aDMs,  reduction  to  horizontal 3 

to II      499 

1  of  rifle  buUet 3  4 

•.working load. "~"     ir>i 

uuUisqC... 2; 
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Pontoon  boat,  heavy,  displacezxidni.. -     216 

Light,  dirolaoement 217 

Trains,  light  and  heavy,  principal  parts 217 

Qoeen  post  trusses,  stresses  on  members 242 

Kailroad  culverts,  charges  for  demolition 438 

Hate  of  working  in  mine  galleries 405 

Rifle  bullet  penetration : 304 

Bods,  iron,  properties 242 

Rope,  hoistmg,  pro^rties 166 

Manila,  properties 165 

Transmission  or  standing,  proiwrties. 166 

Shipping  measure 604 

Sines,  natural 141-146 

Si>ans,  safe  for  round  and  rectangular  balks 250 

Specific  gravities  of  certain  substances 508-509 

Spikes,  boat,  properties 173 

.    Railroad,  properties 173 

Squares  and  square  roots 130-139 

Step,  length,  ascending  and  descending 28 

Strengths  of  explosives 411 

Stringers,  distance  in  feet  between  for  a  loading  of  100  pounds  per  square 

foot 249 

Surve3ror's  measure 603 

Tangents,  nattu^ 141-146 

Temperature  correction,  coefficients 24 

Trains,  light  and  heavy,  principal  parts 217 

Trestles,  spars  and  lashmgs  for 195 

Trusses,  double  bowstring,  bill  of  material 254 

Howe  dimensions  for  a  single-track  railroad  bridge 253 

Sing  and  queen  post,  stresses  on  members 242 

Veterinary  supplies 458 

Volume  equi  val^its 604 

Of  cuts  and  fills  with  side  slopes  of  1  to  1 287 

Of  cuts  and  flUs  with  side  slopes  of  1}  to  1 \     288 

O  f  cuts  and  fills  with  side  slopes  of  2  to  1 289 

Wagon  equipment ,...., 468 

Wagons  ana  their  loads,  welghti........... ..,,,, 218 

Articles 4, **..-..... 481-492 

Washers,  wrought  iron,  properties. -.11.- 171 

Weights  and  measures 503-609 

Of  guns  and  military  carriages 155-156 

Certain  substances 508,509 

Wagons  and  their  1  oads 218 

Weight  and  strength  of  wood,  constants 158 

Wire,  charcoaliron,  properties 169 

Wood,constants  of  strength  and  weight 158 

Measure 504 

2-bars,  properties 163 

(Tackles,  blocks  and 185, 186 

gun 185,186 

luflf 185,186 

shifting 206,207 

simple 185,186 

Tangents,  natural,  to  a  radius T 141-146 

Tapechams 1 32 

measure 46 

metallic 32 

Telegraph,  hitch 177,181 

Temperature,  effect  of,  on  a  barometer 22 

correction,  coefficients  for : 22 

TensUe  strain  on  beams 244 

strength  of  various  metals 164 

wooden  beams 158 
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Tvnsi  cm  on  backstays , 35 

truss  beams 24 

Terrain U 

Tluefknob 174,11 

Thimble , I67,]t*i 

Three-logged  trestles 192, 193,l';H 

Thrush 4S 

ThruHtHi  lateral,  on  wharves 2iJ 

outward ,  of  ballast 2i*i 

TUe,  bell  and  spigot 3« 

drain 1 2t3 

r*u  I  )stltutes  for 2S» 

Tlniber,  destroying 4M 

hitch 177,1M 

or  pole  revetment 32S 

Time  fuse 4i5 

in  the  construction  of  bridges  of  prime  importance 153 

Timing »^ 

'n ties  of  drawings 98,99 

Tool  wagons 213,480-l<<? 

Tools,  intrenching.  Infantry 370 

Cavalry 370 

Toppocks 471 

Topographic  crest - 31'^ 

field  notebook 43,44,43 

Topographical  operation,  fundamental II 

reconnaissance n 

Tops  of  piles  to  be  cut  accurately 204,205,206 

Towers  for  suspension  bridges 257,260,261 

stresses  on. .• 260 

Towns  and  villages,  reconnaissance  of 51 

Traces 319,322,368 

Tracing 62,64,e5,3e9 

linen 75 

of  approaches , 377 

of  parallels 375 

Saper 97,100 
estroving 425 

Trttde  designation  of  pipe 280 

Trafllo,  military 267 

noninterruption  of 284 

weight  of 155 

Traini.  names  and  dimensions  of  parts  of 217 

Transfer  of  the  azimuth 394 

processes 65 

Transit,  engineer's 102,104 

plain 106 

use  of 107 

Transmission  rope,  dimensions,  etc.,  of 166 

Tturtaoms. . ..  181,183,188,189,190,191,192,193,236,239,240,261,256,256,257,261,262 

Transportation,  army ^ 267 

pack 492 

source  of  supply 480 

wheel 267 

Tianav^rse  strains 242 

strength  of  beams 244 

wooden  beams 2S 

Txa  versa  lines 43 

valley 59 

TmvemM. 335,336,360 

^ 336 

336 
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Pi«e. 

JiBversing 36,42,46,47,59,107 

with  compass  and  drawing  board 43,4fr 

notebook 41,43 

oriented  drawing  bo&rd 46, 47 

plane  table 47,48,40,60 

sketching  board 46 

rwes,  felling 168,173 

rre&cbes..., 326 

approach 310, 312, 313, 366, 360, 390,381 

conununicating 310,313,360,390,301 

complete 307 

cover , 810 

drainage 856 

firing 310,312,313,356,860 

lo^. 312,356,360 

lying : 305,306 

maintenance 391 

reserve 312,356,360 

shaping  bottom 372 

siting 357 

skirmishers* 305,306 

slit 360 

support 312,356,360 

Trenches,  stairs  or  steps 372 

standing 305, 306, 309 

terminology 310' 

zigzag 378, 379 

Trench  warfare 379,381,382,384,388,389,390 

bath,  shower 391 

details  of 384 

Em'opean  war 381 

genera  principles 379 

maintenance  of  trenches  in 391 

objects  of 379 

siipiposting  approach  and  communicating  trenches 391 

water  supply 391 

Trestle  bridges 192 

erecthig 194-196,198-200 

cap 202,  204 

Trestles,  Biraeo 237, 220 

four-legged 194, 195 

framedT , 195,196,198,190 

high 195 

of  spars,  and  lashings 192,193,194 

portable 192,213 

sawhorse 195, 196 

three-legged 192,198,194 

two-legged 192 

Triangles,  graduated  for  use  as  a  protractor 34, 35 

right-angled 147,140 

similar » 143 

Tributaries  and  canals 52 

Tripods 48,192,198,104 

Triton. 406,407 

Trousdeloup 349,434 

True  meridian.    See  Iforidian,  true. 

Truss  bridges 236, 241, 242, 243, 244, 245, 246, 247, 248, 251, 253, 254, 255, 256, 257 

Trussed  beams 187,188,241,242 

ladder  bridge 187,188 

Trasses^  completion  of JiS 

designing 216 

destroying 438,430,||| 

double  bowstring 254yaB« 
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TrUMMtM,  A  rortlon  of 

Fink 

Howe 

clfmensionsfor* 

king-pott 

stresses  on  members  of. . . 
Uternl 

IHIIICO 

J'fttU 

f|iio<»irpo«t : . 

BtresKefl  on  uuembencil. 

BpoPlnl  fornwof 

TiitthitlNiMid  bridges 


'I- 

Two  Imlf  YtllchnM. 


'I'tiiultitf  fxiltit 
'iiiin»|l,c* 


li<ggo(l  iriMtltiN.. .. 


U. 


Itiifiiihoulml  wlffl 

1 1 mlnrilt  ultmicn 

ll(ti(tir)/MHiiti1  communication 

f /M')»r  ittmpltiK  Hi  nuiffthen.i  concrete  piiM. 

Ciilfotin  loml  Iti  |)oiin(l«,Hafe 

Unit  of  mwwiiro 


V. 

VttfilfMlmi.. 

\mm»i  :1 

noillmil :l 

nvlliulrlml.,.. - :l 

»llr*«<t.  ,  :l 

Vi»r«l«r,  tloiiliUHJinu't :l 

foMwl V :\ 

Imtut.  count  of 

r»iU'oKriMlc» 

VwiUmt Mtv.Ui.   Hft Anglo,  vortical. 

dltthinow M 

iwwiM. T\ 

»cjil«.    Mn  Hcalo,  vertical. 

V«t»rltmry  j>r«WTrlptlonH 

mipplltw,  table  of 

ViWmvm..,, ^ 51,33 

Volumos.lHoubioyttrda  withsldesloi)esof  itol 

IJtol 

2tol ' 

of  apheroN  and  cubes 

W. 

Wagons  and  their  loads,  weights  of 217,-165,48018 

chewi 21.^, 

figure  for  murldng 47^1 

for  hauling  earth 

forge 

ponton 213,451), 

tool 2^ 

Walk,  the  normal  gate  for  reconnaissance 

Wallknot 179, 

Walls 

head ^. 

retaintng 271 

side,  of  culverts 275, 

spandreL -, » 
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Walls,  wing 276,277 

thickness  of. 276 

Washers,  cast  iron 170 

wrought  iron,  dimensions  and  weights  of 171 

Water  and  fuel 63 

from  adjacent  slopes 268 

^ound 268,260 

let  in  pile  driving 204 

level .-      211 

supply 322,391 

surutce 268 

Watering 457, 474 

Waterway,  area  of 273 

Wattling 331 

Weaver's  knot 174, 176 

Weaving 330 

Weight  of  bridge..., 155 

guns  and  military  carriages 155 

traffic , 155 

wagonsand  their  loads 217 

onhoofc 267 

Weights  on  wheels 267 

Weirs  in  side  ditches 271 

Wheel,  of  block 185,186 

transportation 453 

Wheels,  sizes  of. 31 

Whip 185,186 

White  lotion 459 

Width  to  be  stoned  or  metaled 283 

Wing  walls 276 

Wings  of  macadam  roads 284 

Wire,  annealed 167 

Bessemer  steel 167 

black 167 

entanglements 343,344,345,347,424 

electrified 348 

French 345 

galvanized 167 

hard 167 

iron,  size,  etc.,  of 169 

revetments 334, 335 

rope 165,166,167 

fittings 167 

galvanized 166 

soft 167 

unannealed 167 

Withe 331 

Woods,  reconnaissance  of 53 

Woods,  preparation  for  defense 353,369 

Wooden  beams,  strength  of 158, 159, 161 

Wwking  loads 161 

parties 344, 371 ,  372 

rate  of 330,371,404,405 

Wounds ? 462 

Z. 

Z  bars,  steel,  properties  of 163 

Zigzag  trenches -. 378,379 

Zone,  intrenched 310,357,368 

Zone  of  investment 374 
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